
G lt.A r; AJIST Oi' N 



1'~ <AUt~r l1i·S~es eo «q>rava~ ~t. i~JrGtit.tt.de un.J 

app:""6C1-a.t.f.Qn. t(l t~ ,fo~ 1.owt~g: 

~!.cl•A• ~~i!i6~ .. 8h. ~ .fo'r' ~1·• aJilog dl.r>eoi;io~ 4 "th.i.n 

tboel.a a.nd oonDtru-r::ti.\.v6 ~lp. 

~n ~tl.~_fiU~.k§'.,., /!J:,J.a SQ..~., ,for M.~ aup~;--vt.ston o.J tfiG 

polo~c~~p~to 88otton qf t~e t~*St~ 1 Gnd jo~ ~~~ 

at t.tJ.u. i-n.t 1.RQ pe7'aor.a 1- tn ter·eet ~ 

J?r~_f.!,j, lJa.!'lfQ"' .t.a .f!f.o. ~ ,jo1' h1." Q8n(IN.J.1. t.ntf!,.-est Gi""ld 

adt,'L.ce, t.t.8 ase~eto.nce t.n. tfle p~!tpa~a-~ 'Qn o/' t~e d~, 

a.-.d .tor- obtai.1J,£.J\Q ~86Ji&~ lri-t6f"'U.tu.rollt • 

.ets&_I.~:.Wwm. a. J), J'o'f> tl~· I)~ :.perotton and oovtoe 

t.n oonnection wt.tt\ the ph.1Jetolo~;;gi."at, ,,.8_f!eots of trone 

~~ ~;Qtt qf s•odae Vn~verctt~ L~b~r~ JOT' oht~t~t~g 

.1oo7"'ne"l,a a.nd aa.f.ora/i &.a.e a.f ar-t f..al:•e ~-.;,bta.tnab~e in t~ 

Ott-&a. 1. e t r,; t 1. b l""G, v • 
:!u....a"kQJ'.t o.t Bh.odae Untuerct.tv Oh.ast.stl"tJ Depf.)rt~nt w~ 

h!-s .. ra l:l.~ a't&.ld~rJ.t /'or t ~Qili r ~nter>ee t, oo-opeNlt t~, and 

g 0001!1"1. L "k. 

5.'o B!J wi...fo, jo.,. t.e,. encf.JUl"aQEQent QJ1d a.:tllf..at(.lJ'loe d~rtllQ 

t~e d~iny ~ t~e t~aot~. 

-....--..._...._... ... __ ...._.. __ ---

'f"e autft.o.,. ta 1.ndet·too to th.a GwnotL ~m Botsnttjt.o and 

Ind~e1ir"'"i.o.l B•8tl(l.J"Ctl .for ttt.e atro!"d Q,/ a. ~eea,.ctr. .Buraal""U 

(1956 - 1.957) K?tth.ot. '· ~~~f.oti t~l.e wo1-it .:looi.d not 1\a.ve 



§l1JQCAiX. 

1. Pota~OQ~~'c and apect~op~otoaet~t.o ae~hods ;o~ 

tft.e cJetsNt.notC.orr. oJ aot.ubdenua IHJ"'e roeuf.ewed. 

2. ~twt 'raoluaton o.f •a.l.t.cvLaWC*iae '&.n eeu~J'Cllr 

•uoporttng eleot~otytee ~• ~tned w£t~ a vt.s• 

to deuelop~ng a po~OJ"'OQrGp~t.o p~ooeduro•, aut.table 

jor' J"'out~~o anal~eee, ~t.o~ dt.d ~ot n.o~ea\tGte a 

p1-s tt.at.nar11 t Lae""oonouaf.n.g eePGN~tf.ol\ sta.ge. A 

etoble aol&~bdemm ~N-UB ILQB obtat.ftoo J'l-.:a an 

e~eotrc,vte t~~tng a ooapoet.ttoA ststl~~ to t~ 

test ao1.ut"on obtG'Lned a,fter tta.e wet d.t.ge~ttcn o;f 

p l.rmt aat•,.to l. T~e h•t.,ht o.f t,.e uuue a\8 j(J4J,lflj 

to bo, 0001" an opt1.Dea roange, 1r.de~ndo-nt o.f th.e 

r.agent oClt".oentrGti-ona. 2'k 1i.'GUe waa "OtDG"e"' 

dt.atorted bu a ~t~, wbt.c~ 1"endere4 t.t unaut.tab1e 

jol" quanttta.tt.~ a~~luttcah oppltoGt,on. 

3. ~~ opsotl"op~ctoagt~t.o pl"ooedul"e ~or aol~baenua 

u•i.no tt•t.oo&~Gnate t.B utrtuol'LII epeo'l.fto Gnd z:Ga 

e.l:c.atnoa ort."tt.oa.irlll• Jlodf.Jt.oott.one Will"e jound to 

taprcoe tbe DG~at.ttv\tu Qf t~6 prooeduro. and t~e 

atabt. l''" o,f tt..e oh.l"caat~o O~P~~ T~ GOOUJ-GCI/ 

and pNotat~ oJ' tt.e aocU.J"',ad J:i~tt.od tcas stat,•t£

~all~ 4ete~t.ns~ on o'irua ~~QJ aaap~as. 

4. -2'"• aodt..f'&.Gd epeot7"op\otcaetr1.o prooedu.7"a t.a r•eor.:m

~encled jo,. tfw ,.outt.:1a Cietel'D'Lna.tt.on ~ 1'0111Menua 

'n plont aotel"t~t. 
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0er"ta.\n .l'tt:I.fJ cl,~gorJerH tn o~oiJ f..'&•:.-.-~.:? tJ~i""G J<;n.r>wn 

joJO 1\~H'v~ ""~' veu,)'•.:J bsJ.,fu":; t~'J oa.:..~oa:-3 'tl.>a~ tM.f.H:'·J ·•(., u 

{}.af"iot~noy oJ IQ.0~1Jhd4>"rlla \,r; 'th.e rw.trf.t~OI' (J.j ~tw pkWH# .. 

if1.t~t.r1 tt;,o 1.tv:t 20 ~~a.?-8 :. ~yrtK"1.t 1~~lr c,f :~e.~eu,;·ch ~ 

~oJ,vooEJnu.a ·~n tP..s r•ut,.t·t~on o..t p._Cltlta 1\.a,? beer;. tJ( . .r•rt&i 

.ou~. Ap!-)l.tou.tf.on a.f c~:ase ,f't-'~~ng" to orop p,.odal!tZ.or• 

b.t..~o~ 1.1 ~19 '-ded ~u.oa. speo·to.,·:m 1ra r 1"68iA I. t. s t t,,:.o t ilrkl~apr·~ 

1 ntt3'l"est t4ao be•n cU"04t.aeo,. 

JteJ't:H"t~no~:s to t7LS!M..·\L ttiop1.pteC'i43 o.t a..Jiiot!;'l'rdeaua 

tJe.fi..oi6!1.01J G'"fJ 1\z,AE:J'f'OU.f!. .::.'tl ... OW l.'T;Nl't (,p at i !'"1~-! J> 

w~t.pta1.1 f.J..;~ <Htul.t.~tlctf'ePt \~t'a.ott11·i!.Q} rol.ltir•~ o..nd t'i.p 

nea?-c•si,8 1.'1'\ ·t~&ora.f>, wttf¥J,.1..HQ O"' bt.:Joh:~;1H-1..».Q o.j uu.~ai" 

b\Jat, 1·60tf snakl t.n dwaro,/' boone, :'lu.pptno, tth.h:ro.at~ J.nd 

mar-gtn,~.1t ~oo1"ch. tn Lt~tt:JCfll, stt~•t.ad gr.:riLJt,r;. l.n ~t.OiJI3r and 

otlH:!,. u.f,feotn ;:;p•e (l~l· attr>tbr.~oterl to ;u.u1t,~bdm•u• ~~eftot..enov. 

~tansf..!Je woT"~ ~~a ~eveal.~ th.at tht'l ~!JI'Pt·-•e ~rs r~t:di.oo 

bv t46 adt.Ht.&.ora o.f m.otj;IJI."Gtti.,'J~<d J'{)'f*t:~~t.JJt.lrwo. Jf:x:ot~<!S f!t.O~j,l

bden~Ja. ca.•~ C:lo ~a o 4ava a doL B t.e ,....~, 'H-'8 a.t;taot. 'rf ;.J•tt tn ·t !'t.e 

U.8,A. ha.l! r-~t:eo.4tt>j t~~t p~r~m~s ,;;row1.-nQ t.n rtci.1.n "'••t.ot~ 

"(lt'6 tl f\t~l'l. aol,w.bdanu. ocH.tfm't Q7'€: 1.:0J!l..J to .,.r~ t t 1 't. 

T~ ph!JSt.·:;.ltogtoa 1. r-ol,a o...f ~o ~JJbdh~H014 1-tt .JOOlh3.V 

{:-.f16 1\Gs ~J.s fJ\!'1i, nt't OcJe.n tH..m.ph~t::~-d-1.1 gsto..Old,e~od. Jlo1v

MEtm. (!a.ti-ot8riCV -;.., Gl.l..\.s-1 to 't~ n.t.tr·oasn : u.ppl.~. 

(~~ r"Q.{~ t m"'i. a-,; t.o.s OJ .. ao ltwoo~mta de.ft~l t sn.oy a.,..(. 1\?"t~JevfH' 

r.tn 1,i.~e •LAYt~JJ o..; .... t•1. tr-OQt .. :n <11:1._l" L oi•'!tJ.O U, and '!:: ~e ad(H t t.on 

o.! n !. t roc en o1" -.~peT"pboaptt-a. kB t; ~ Oli-t:· IJ l""eat e~ on 1. !I a te.p-

Ql'::Z. i"'iJ '-&PJ-01JEm.&1\t... T!).;"» ,;'t l"B t; a;t.t€'{:< t. o..f t; h.e ~o 1, ylx141 .. H'+t.lll f. a 

to 1.n.uraaaa •JP.btt~tt.o n!.tl"oQen jt:catf.on c1.11d ~.,.owth.. 

·Y.~tr,/ ••••• 
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1'irt6 n1r'Crogr1n CHJPl'tG.'lt '-e n.ot a q~a.nti.·t~"Jt.'ir<.'~ r"e.J"bPot1.0!l 

o.t t~e aol.:;bde~ oon.tg!'at. Ph.<NQ~ m.o~lJbd$nuA defto1.enolJ 

!'$e')J'Cat~ea tfwt perooP\t·:l~8 p':"'otc:~tn, no1r-p,..ot~t..n. OJ1.d totr,..~ 

n~t1-uuen~ 1-t aa.n alDo oo.uet1 i.J~~o1o-te tz-~ ·t ltsa.tt.on rif 

n' '1",7. t 13 n.i. t J-ogsn. l'n. !JU.O" ca.~wtt t~: ~·& roentaQe p~ctfl'!. "'1. 

ni.t.l"'oQetl f..e d4Jol"eacad .,._'I'Jd tt\~ p~l"':umtG"€1 nOl"l-p,.ote't-ro 

t._t ,.~en te t.noJ""eaeed, c .. nd tt\s ptan.ts do riot fl.Gr-'9 a. 1-0141 

pei*Qen tc.~gtJ total. n.t. t r-~;gen, bt,;t do axtttbt. t BUt:P t~e 

~coo1.a.t61d Kti.'t-fl aol,a~b--:lenta ~o..rt.ot.an,GiV• Eaep01l9~.w to 

~.~oo'LuO<lanU/6 GN3 o on:!'l.deJOO.b i.!J ~"':f!t~·t9fj bW' l:<t•7"to;tt O:Ti t;. 

t~e ~eve~ ~ ot~~~ elca~~t«~ bw dt/;ert~Q abeo~1t~v• 

oapaai.tr.t!' SQad. raae.,.vea ~nd ni.t1"0(jfm Sl.e.PPlrth 7'1\e Ja.oty

bdenr.a r-equi.t-tv:+eni.~ oJ' .aa.ot\ sper:,i.ea ta ucn.,'f'i.n.ad to u 

oJOt t toair oo,"'k3ent ~tf.on J&O.~lQB. 

1'be ai.r.i 0\f :tM.8 tn.uest ~gn,tf.on waa to .:i~t~m~ne 

tile Q.O-"t sa.tt.sJaotorll p.,.ooedl-67'"6 J'o~ tt.e r..,r~~&~e\.e o.t t~ 

I!Oloylxiem~ oont;sn' <i.! plra,,t .~~t.a.t.6T'\,a.1,.. P48 ;ftr"s't etop o.f 

ttl13 t.Plveettgati.o!l wan to de,fl.nG:~ tt\9 .r.eor-ls.earll J-6qu1.~e·

•o~te, dor ~~6 tdeab a~t~od: 

1, The p1"ooed~~6 auat: ba l.•ott\ a.o:J~Ol.H"t~te u.;f6 p-r<:w ~at1. 

2.. '111\.6 pr-ooedt•1"a at'at be iJen~1. ti.ve ewer t~o a.vei'"(J,Qa 

aolvbdenua t"''U'-Q~ tn ptr..v.tc ar.(f IH>t 1-~. vtAl'. o.o;t 
to 8 p.p ... n • 

.3. gth-e ••~bod Jiz~•'C t-e spcu~.rto GXl J'r• e .f'r-t;t». i.l'1ttJ.,._ 

j~.,.dnQ€ DV t~e other oonet~tue~to present tn p~ar.t 

4o f~e ~~«U~t8 .Uat be tndaper~ant qf 'h€ O Jnoent~otton 

c.t tlle .,.eaQent~ mld 'bd uttJ.bl.~ .'!'.;..."" a pM•: t ~\1a~ 

pertocl oJ t~·e .. 

5. l"l~e pJ'"ooedure ~t,8tr aatttJ.,'f}j t~" p1"00tt.oal. 7't1Qu.i..,.(fJJlente 

C'.;/ .,.out~n• ana.e.s;a1.a o.t pl.ant. ao.t~riaZ.. It •l6et be 

tl\a%penst.ve, rap1.d and at.ap~8. 

Th-e/ •••• o 
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!'"e adop'i. on oJ th.eae art. tei'{·a coae .fov,rq(J to 

ol-ial.Mte os?~tcu.n p(Wrtti.b7,e "teotmt.qu@•. Po,. e~p·~e 

the "i.gb. s81lai."ei.v~ts.r 7"equ.t.l'"Ad 7"tOnd1J;-ed n.oru.o.l QT'aVf, ... 

a~t.,.i.o o.nd vu·:.u.str'i.o prooBdut•se anwor-tt.u oJ* .,."'UI"t~J'" 

"tud~,~. 8p6o~~1"(){Jl"apb.f.o p1'0000t6:r·c• ID4n•e n.ot oonei.de7"9d 

baoau3e o.f i.noCAplete ~:rut~t.alo .f'a.ot l.t.tt.ea. Po1Pa1'o

Q7"~pb.1.o and Spuatrop"ota&let.,.to pl"oo~tu'ae J.DGl"fJ a1one 

o on .e t.ti • J'"1ISid t o be c..\f LIQ J. u e .to,. .fU T"t h-er ~--f. not 1. on • 

T~e t~~eat~g~t~cn ~8 divtded ~nto t~o pG7"ta: 

fur-A I, .Poloar~7'Upb'-o Btud'L ea a.nd .Po.r-'t II, 8peot7"oph.o'to

at\lt.,.1.o Bt~tea. Jloct. pc.rot jo'JJ l.OtD~ tfle 8Cllhl etadiJ 

prOQ~e. ll't7"et G et.u•vo)l o;f tt\o lt1.terot~~e waa lAl'ld~r

ta~en to eelteot t~t prooed~.,.• ~~1.o~ aost o~oeely 

JU~•16d t~ Qr~tar~a, or appaa7"ed aoet eaa~~V aae~~ble 

to R<'Ja.U,.ftoati.on. ~.Pw ,.eep~o't1.va prooedu.r• ~«~• tilwm 

e3:aat.Bed ~tn"'1.aen.ta.U.y 1.n oJ'"de.,. to 7"Qnde,. t.t td.alr .. 

Pir.a.,l~ t.ll.e aoo~al"aay oJ t.b.e ev.l.tablry •odt..fi.acl p1-coedura 

wa.a eetablrte~•d ba; eta.ti.ettoal atb.od8' on Ckl'tu.a.l J,a~ 

aaaptee. 

p~ 1./ ... .... 
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T~e a~a ~ t~~. •tud~ wua to dete~~ne G 

au1. tGbl.e poloJ"og mp"t.c p7"ooedt.U''fJ jo1' tM rout tn.e 

1"~ rop'l.~ f.B07"•»ee t.n. ttt.e ~ber o.;f qaanti.

toti.ue pol.a7"og~p~1.c p7"oo~u,.oa t~t ~ve b•en 

deeo~i.bed jo.,. t~u dete,t.natton o.f aol.vbdttnta ouer tt.e 

J.aat ten JIBG.,.a f.e em C.ooi.oatton o..; th.e gr-owt.n~ WlpoJ-t

anoe that i.e be,ng p'lrooed 1.n polrGJ"OQl"aptl~ as a aet~od 

o.t anolo1JeS..s. In t~ 111.1Jor1.tt; oJ pr-~Edu7"sa aaentt.on«i, 

6+ tile pote1J"og~ was obtaS.ned bll tfM J"eduotf.on oJ" Jlo 

iOl\• at ttw. ci.,.oppLBQ aaJ"'a7"1J oGth.oda. A ¥-1.de macer oJ' 

( t.) '1' • pu \..~,.og l"'CCA auet be we 1.' de.f"i-ndd a.n.t:1 

auttGb~~ jo~ed jo.,. obtatnLn~ Gn4l.UttoGlo •eueu7"a.8nt•• 

(1.t) T~ poloaJ"(>g~ J~W~et be 7"ep~odooi.l'>lre wtt" 

ent up~ t~e oonoentrat1.on ~ th.~ e~ppo~1.n~ e~eot:-o~vte. 

(1.v) !'h.e!t pol.a1"og7'0as aultt v-c.s-..i a. ao.tt~otorv a.ra.:; 

eens1.tLve oal~b~t~on ou,..ve ~or a p•ot qf t~e h.etgh.t Qf 

th-e •lue ve7"3a.a t~s oonoentJ-Gtton o.t aolJibdenz.a. 

(v.}/ ...... 
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(u) !'t.e polo.,.og7"Ga aue't be apeof,ji.o. It auet 

be ~eoteCS 1>11 t~• p.,.eeenoe o;t ttwt ott...,. eubatanoee 

ooour.,.tng ~n the p~t soap~•· 

1.1 Qci.t£qai NP''-M*'on of 1M M'liiM RrAOed'+rtl• 

~1 (1), B~oo-•~bu~ et al (2), ~vaktf, and 

S~lX.Irtel»urd (3), Jlef.tea (4), B~t.atef,n (5), JobneoA oneS 

Bobtnaon (6), and G~"etetn (7) oil .,.eponecS tbot Jlo6 + 

tona <Jo not vf,eJ.d o .,.idl.60tf.OR lte)'&Hi ion olokltne or 

neut..-ol euppo..-ttng eloeotrolvtea. Beoentlov Jlettee (4) 

..-.ported o WGue MAder t~eae oondf,tf,ona J?oa e1eotro1vt•• 

ooatGf,Ai.RQ ottJ'Qte tona. n. 0.1 II eo:U.ca ot,trote t~t,e 

out~or (4) obtof,ned a etng\e well•jonaed but t,r.,.evePa• 

t~loe wave jor aolvl»denu. betUHJfm pll ualou.ee rong£ag j*roa 

6.0 to 8.0. ~"OUQ~ OGPri.t (8) eetoblota~ t~t Mo4
+ 

6+ "on• .,. .,.. Bot noJ'IIIG lo 111 p rodu.oed 1>11 red~WJ t f, Oft ol' llo 

tone, Mef,tsa (4) .found that t"'• e~eotrode reaotf,on .aa 

t~• oauee ~ t~ above wave. Mette• (4) atQted t~t 

tt.a jorraott.on ott G etobloe OOI'p'LB.1: Z,.t:.een o1.t~t• GJtd 

4+ Jlo t.one enoblec:S tt.te reGot'l.on to ooou.7" and vt.•W t"• 

~~ oalf,brott.on ourue obtot.~sd bll Met.tee (4) 

woe ~ot }f,~r. A JJGJor da.feot o.t t"e•e tDG'l)ea ma tH 

"'gb111 negott,ve t'Glusa oj tw e.o~-toaue potentf,o}. 

~"'• aade f,nterje.,.enoe bu aeverol preoe6df.ng wauee 

poeet.b}e. ~~· ~}~~ve potentf,G} beoaae aore po•f,~f,ve 

Ge t ... acxU.ua ot.trote oonoentrati.OI'l uuo f,ROr8Cieecl J?• 

0.1 Jl to 1 11. llJ\fortu.nate'" tt.ta increase in tw ao41.ua 

ot.~ra.te oonoeJ\"trGt1.oa oa.wted tw *'ve to be df,atorted bll 

c. ~w.u.. 2'"'" ~i.aua -..a not ro•ovea b&l tfl.e nor.G' 

•~roJboe oot1.ve Ggente (e.g. ~rf,ton z-100, geloottne eto.). 

Severolo/ ••••• 
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Se~rat ~,t~o~• ~~neu •t~Gt~u~utQe 

oontatn-l.ng we..'lr3 oJ"g(!tt. t.!l ~ £<1.,.. nt; 1 (1) repc.•Fl'COO ':l~-(31:. 

t ·,~ aoi·vlrlon.ua !«lvec wel"e pqor•z,v ttotJ•i-oPtt-~ ,/'7•$ l.cwt t..o 

aotd ebvotro~~rtee., li"'lr (1), 'it-l.llor (9) cxl001 f~'P"~"IJ .a-M 

YMu.bth: (10) i"'eport~ t.~t mo~vbdsl"'otiA ~vee 1tn (;oi k'.~rt-e 

Q4td e~eo,~otvtse we-e a~~o paor~y ~su~~oped4 ~~· 

aon.oentJ-O;ttoa 71QliQe :if tQt-tC\J'"i.o ooid ~~~ed txl.P! e( 

oJ' ·~otwt to.-rtroto o03p7,~ o,t P~o aotvMemra po~~f.:.')T.'·, 

Ut, l"Cl" (9) :md ltoio"tll et a. I- (1·;} re;rJor~~ t~(: 

oonta.C.ntn~ ottrt.o oot.d. lltlrJt.er- (Ji l'tt~ 0 .. 2 Jrl ot.tJ•t.o 

a.o1.d., !'bt.TrCI .Bel-t• et at. (11) !J,Gro an ~leotr-o7.i,.!t~tt 

oonta.S.n.t.n~ 0 .OJ M ~ e~'tua .. [/t'll"OQ~n pt..oep""'te .. 0 .. 0.9 /j 

o1.trt.e» aof.<.'l tWd Oo1 Jl roto.&ott61J o~l,gyt.'i.dCJ. f-e 7"-edu.ot'-"r:m. 

ooa~~r~ tn two ataae~ tn both t~8e eleotro~vtea • 

. 8I.aotro1tli6e oontatn.tng ooet '1.<1 ao W c::md 

Rob'&.neon (6), Bo'ttB, de Vrtee ~~ M•~'on (11 ), Ni-o~oh 

aAd .i:<>tJer• (12), De Beao. •1; a.l. (13) a.nd Pi'"i.bt 1, ac'"\ti 

Bi..G.L·ct- (14). Ba.oh OJ" ttt..e ~bo~ VlveuJt~gator-a l"'tlported 

tttut tb.e Ylcr.vaa jor ~c'l.vbden~ WJ"e poe;r- ond -.a~formed t.n. 

ac~d~Go~~G~~ ~~~~c~ Wetl-~~ned ~~ea ~~ obta,ned 

~»t~ t~ redootf,on tif onspl-e.:~s o.j o'&wWe~ 1.A tta.~e 

buJ.ter. Pr'tbtL, Booba~ ~ Zvo.t k (15) observed ~h.(»~ 

tCw olt(JMate "''*'~ .ror-u.oo a, c"tabt otapJ.c rot.t;~ rr.~ 

!rlf.e/ • ,) " • 0 
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ffelr~-<f<rwBlropecS I~Ut'f!4 .tor soty~~:mw W<""T:'J r...bto 

obt.o.Lr:oo t--. oceti.o alJtd/,;:;.aot, ~e· t:~ittk.,'tr-.t·loutc~ 

aonto.t.· tng ,'!Jj)co'.i! .A.. lHeotl"'ol.vtec oODtGfr;-,.\,ng tt.4 

dter.dit aa.lrt oJ B.!J .. T.,J." zt~er-e e.7.:aAin.e6 OfJ Pribil 

and B'L'l•~h (14) a.rnJ P• tt4f& 6}~ M~··rt.ta (f 6)., Pr·~bt ~ 

a.AO Jn.~ ...... ~ (14) l"epui"'ted " atng1.• tH 1. t.··~~ .. ;wetcP*l uw.we 

'1,~ 0 .. ~· 1J '&.D,'l'.,A .. ("t.codi~ an.J,t) 'tNJJ'er-e6 G't pll 4.8 

U'G.O dep4fJ\dent ~pun tN pli .. ira tt~~.._ GJ1d Mar'f·•l (1 b) 

repu1-ted a. IDftl, 1-1eue l.ope·j dwb ~s·e lDtloVtll 1.0 .... n tfl.e pH ws 

a.i-tt3red to 2.8. ~Jwl clw.p• 0.: tb.e ~t.~€8 obta.·P~ed ih~i-~ 

uua eutttJ.bte Jor- stapi.• ono7,vttoa.l. <~pplot..oat.,.~on. beoouso 
2·1. 

a,f tf'i.,•n•,.;....,r•no• OJJ tb.e pr(;lcas~t.ng lO(lVes G./40 Q.r. ~ 

~· Fv und ott.",. ~on• f'P'"eocnt t.n too pj,ant saple~ 

In ao~d eteotro~~tea tn gene~~ t~ o~J~oteP

'at f,C}a o.r tf\e pola.T'CQl"tz .ro.,. ao'tybdenta Mtere ma.,.~oo ?.~ 

dtSpOMfm.t 01i'l> t.bc ""-t~.,.. Gnd 001\()entl"Gt.~on Qj tt.e (\Ot.d~ 

HUdPoa~~or~o GQ~ Rle ~•ed ~e Qn a1eotrol~te by 

a! t~f.R t•otr-oir11t• wae ~tnfSd b\1 0nN"1.'t fJ ) :~ Hoi,Je 

~j Geyer (t7). T~8D ~nv~et~~atore ~~po~t~ ~~t ~~ 

~it.f-~PGv. po~o ti.o'l., t:~ fwt.ob.t and tf\~ ~ka ~'" o.t ~v•a 

obtaf.J?.oo .to.,. ac~IJbdttF+W!t treNI eao& cl ~penr :ent on ~twa non~· 

o.fttlti"GtLon. OJ" ~vc~oc · ~or1.o a:ot..d,. HoltJ• a~ Gsue~ ('J 7) 
fi., 

•t.~ted tM~ ilo t.ondi tMrtJ ?"Gdu.oed bll t .. e ~ae;-oa,._, o..f 

·fit r;.~ "-a" 1..;( tw ao ·l.d a ono4ln'trotf.an .as greot er t~ ?. N. 
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1 'I • i 

~~03P or'o aJi,d itUe ~tr~ed v6 a.n. et.e..,;. 

" em tJ.II ti and 8 oortei.J?AN (3), Bol•~c et at. ,, - · 

If o ol. an.d Ra-g l'" (1 , ) a.>td TfolJe o.r~ o-ev~r ;: /,'. H 1-, 

a.lld GtJ:VC" {1,·) •;4;l!.\l!llot.neG: t~ wav~ut ;fi:J'" DO~iJbd liln~ i.~ 

no· :)"so 

.If f\( 

~ttr~ ~o-J ~ . a e~pp~~t,ng ~teot~c~vte and r eported 

t.MA.t t b.s wa.vEu /'or • u.,IJbdenua Y»ere o~ta ~vt-t.o and poor 1rv 

deve~oped f. r• tM.a •~:1d tu.a. T.~ t.oi ~ fl.t oJ' th·6 ux:uHJ wa.s 

• • • • 
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J-<ap1.:;:'t~8 to b~ p!"cporc ·~onot. to ba'ft. taa i\lflJ-0~6TII and 

lU.t.,..ate ton oon~Emtro.ti.onn ~ ~td tbe dtJ",J\i..ef.on o, .. ,..,.ent 

lklfl gcter-1uk1 p'l'"i.no.,r.x..ll.tl bt; tr.e ?a.·~c. o.t n.\.tl"{1~d ~~lt«.o

t'i.on roth.ar tbaJt b~ t-t'fle rat• o;l di.J'J'Ue'i.on. U~l. (1) 

<>Oat.17''1Jiitt.1 th.at t:IMJ a.;:.icH':1.-c,'f& CJ .. :~evel"tl'L 1"6a.bJ6llte, ~'i.ls.r 

"~~~c~ro~ and a.at~nttot, df,o-f:orte!, tfwf at.ap<; o.:r· th-e 

ao~vt-t1en~ waug and oOAOl.u.ded t.Pkl' ~tt-rt.c ao~d bt; 

~,otas1r.f ~~na uneattsJb,otoru (\8 a .auppor"ti.~ eloeo ·t,.o~v-:.e . 

U~~ (1) 1)00 Ba\ to (~ 9) .fOUlld t 4c!t tiare hetpf!.t 

oJ tt\e .m.olrylx.'fema oovee obta~ned ·4on Gl.t>ati·o~,rt~• oon.tain.-

1.n.g nitrf.o and ·~octi.o aot.d and o~f'H~r rcc.a.Qtinte we~e ~as• 

dependeRt on til-e oonu~Jl"i:7"Gt1.ro Q/' nttr•to Cl01.d t~ tM.Ves 

ol:rta.tnsd J'7'01r. n1.t;ot.o a.of..d a."tone. :1'~(,1 tt'G a!Jt.(Jez.:.!en~ 

wav•.., obt(lt.noo W«i,~a ett.*1 p.~o~1.J.i de"l'a'i.oped., Ul\1:- (1j 

Qp1.0J18d Gr. e16o·~,.Oli:f~6 oontatnt.nQ 0.01!- 1.' Jl1.t7"i.O GOL&, 

0.2 X l-aotto ooid 1 0.15 JJ potass.a~u& o:ca.l.Gte, O.i Jl 

pct!ls•f.ua o4~ or-i.•.iQ ant'l 0.09 }.f at•w.1>0T~1.~ n.f. t rata. T.,a 

aeo0lk1 ~t'a j"or act\jbdar.-UA, used j"~r ~nt'i.tat '"• Jtu:sa.eu.re

m.enta 1DaB d1.atorteci biJ o aa.t:&~.. 1'~ addt.t'!.on o;t pota.e

et.ua. o.xa~a.te Ei7..f..At.nat6d t'itar.teronoa by ttte !.r-on waue. 

8a'i.to (19) w.sed a, s1.mtl.a.7' i!l.eot.l"oltt.rte but ~tttfKi ll~l.o~tde 

i.OlHJ • 

N1.cb.o~t. ana BogeT'.e (12) ant! Bt6m (20) e~.:atned 

e"teotrolol(tes oonta.tn.f.nQ n1.t: ~to Or(J1.d a.nd a~~Aoni.ua ntt,.Gte 

and obeei"lJOO th.a.t th.o J.DaVe .for &O"iJbden.ua ~a ~ 1. ~ 

dove~op~J 1.J t~ e~6otr~~yte ~ a loo» aotd\tu ~ G 

t.g~ rati(.) uJ n.t.trato to t~ydl~0{(6U t.!.l<IU. ,:tot~ th-ee.a 

jootoJ"a had ~o ·e .f'l,l.'l-.f'i-'blred ,for th.e u;ava to be aatl.~_,-r-aa

tory. In ~~eotr~lvtee oon~atn~n~ greats~ C~ 3M ~tt~to 

{}OW, Q.nd Ln neu.trol, e lteotl"otutse oo;-·taf.nt.JiQ 2 N a.~t®"UQ 

n.t t~t.el 8tel"n (20) obseM·oo tl~<~ot th.~ wu.vee jo.,. ao·l.ub;.Jerwa 

tM7"e tH utoJ9t80 bii a and ~~e ,Jlle~1.. tab "t,e ;to.,. ~ ,""Q..-

tt.oat a.pp~toatton. Tl\6 ~.:<.ll·.t··U"a').S pol;anttu.1· UXJ.tl aoro 

• • • • 



~o·;tth. th.e '}eth.O(l. 1'k-a ~ow een81.~1.v"''t.t!, th.s 1~n~t~~ ·t:t.as 

requ,'f.~ j"o,. t~~ sopa.T•a..t t on o.r t~., AH)lrWM5nuat o..nd t~a 

St.c.'~pt.\u,-:-·to a,;) i.d ~rota :..~~i t-•8 an e b '90 t ,.c•z, "rte 1; 1J 

8t<iol;;e~bu.7-g et al (2), OrJ..,.rt.t (8) ~ .Ni.(JtH~._e Gnd Rogers 

(1 ;n 
\ L .. ,j , 

,,. . .,...) 
a.r:~ 

t ~o~a obta tn.Jd "i.re ~=~!Firooh.l.orf. ~ at:) ~d. (h1"l·t. :r, (~ / , Nt<..t ~(:. ·t. t 

aM tl:.JQtsr"tf (12). l:ro·~Je -:lnd GtJwe:r• (7 7) _, .. : ... -c.,.oa ( .:?_.: Vi· tJfl~ 

aotd/ .. , ... ., 
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~01.1. Th.6ee '£n.veat~ga.tura eap~ov.OO a reJeranoe anodfJ 

't~t nod a ao~e ~a~at ~ve potant1.at t;~ ~t\at; o.f tw 

i~t tn6 ,.e~ati.l.'e unv6 fl.e'L.gflta o.oo t~..e r!·:aba 7" u;t wavea 

obtGtned .!'~.,. ao1vbdenua oo~ted w1 t~ :;B6 eu.';,~h.r.;rto oo·~d 

t.~roof\1or1.o ao 1.d. Tlw lt.alr.,f'-~ve potont t.alrs oJ t !wJ 

wav~e <lu.a to ohangett f.n ~t •. :Sa ~on m .• :o,r (L) to ( 4-v) 

eaob •~t~~ed ~n t~~ poe~t1.Pe dt~eott.on a8 t~ c~oent~

~1.01\ a.f a.o~d watt tno7"Aat6d. O.'lrri-t (8) ~!\owed ihat th.e 

I - 4.24 0.25 .H. 

Waa-,.e Jl - R0b\A7"1.'t1J c.f 8t'-"Lpr.ur1.~ a.ol.d (HJ07" the ra.n~e 

0 .. 2 to 1 4. 4 11. tmd I "" d t.t.t~a t tJn c one t. CIJ'.I t 

~c/O s
2
/

3 ~ 1 6 .. If I 
I 

Tl\e ltat.t~l"' retatt.onat\f.p ?.Oa~ obtat.n.~ ,;f'raoo s-h-e I t.il.ot~~a 

equ.atton (Col.tno.t" and .r.t.nga."le (:.:5)). Jd,~.fictte~it (h, i.t!.l. Cot 

• • • • 
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ta~t~ t~ese Jaotor~ tnto aooount, toget~r wtth t~e 

dependance o.f t~~ total. wave h.etgh.t; on t~e a.ot.d oon

oitnt rat i.on, t t\a at-~t 1\or oono 1udad t bat tb.e e teot ~ol.vtes 

oontatntnQ Leas t~n 20 N su~p~~rta ao~d wara a.~to 

Robtnson a.r.d Joh.n8on (6), Mt.l.nerr (9), Nf..oh,olfl! 

and .Rcger-a (12), ffat~h.t (21), lio4.'-teon (26) and Peos~ 

a.OO R:lrlth.t.r•et (27) T"eported 'lloora .favou.ra.b1e l.O{.Wea .for 

BIJ.~ph.u.rf.o aoLd wLtll sa7.ts a.n.1 otl\er r~a.t~entao kobtnaon 

and Jo~son (6) ~1 Niol\o1! and RoQ~ra (12) observed 

tng 0.1 Jl su.ltp~r•roto ctotd and 0.2 M aoclf..UA su.l,pr~te ot 

pfi 1.5 were tr,.eversth~e a.nd poor'lt!J d9v~l.oped. Th.e 

hatgf\t of th-e eaoond 1ro.ve was o~?,:Hmd6int on oott- th.e 

a.o\.d and the aol,yoden.t.W oonoemtra.tton stnoe tne t7qut J.

tbri~ betwean t~e two stat$8 of M~+ ~la slaggtaa. 

lioweve1" tile addt·tton o;t 0.05 M aodtu. ntt:r-ate to tne 

above e~eat~otvte woe obaerved ov Robinson a~1 Jo~na~l 

(6) to deoreaae t~a to·ta.1 apa.oe rAq~i l"t~ent bu oauaing 

th.e seoond a.nd t~tro WOVAB to ooo7.eao6. Aooordtn~ to 

tl\e a.dcHtton Gf sod~Uoll\ n.ttru.t6 tc:ll;! th.e greater aens-

oJ' th.e aeoond wave. 

rec~ended an e~eotro1.vte oonta~ntng 0~75 M au~ph.urta 

a.otd and 1 M perot\1orf.o ac·t.d. Tl\a ll.Btgh.t o.f tt~e aeoond 

I 

W(lL'6/ •• ". 



..oa~ .~· .. o-r ~tOllJbdfima t..n. th.i.a elteatro&.vt• JAGS tnoraa~GC\ 

ten.toi.rd a.e l)t:.a_p\ll"'cl ~Pi."C" that obte~f.Jied "l.~ sutpt.uJ"'c 

cwt.tJ al.on6, !.JW.J l!ai.~b.t (21) u..89d "CJi.l.H Ef&.eotl'"ol"te "C.n 

th.e det6MJ~.,11Gtto::'l of 0 .. 1 to 10 p .. p.~. ao't1ibder•~ i.~ 

ate~1s.. Ha1,wltt and Re1Jn.a.?-d (28) oonott.le~EHi tk.u.t Jlo 4-+ 

-r-ona ~re t~ tnte~ootata <lutal.uet :gfl·Lo" w~r8 ~~~Wed-

5+ 
i.a.tcl.~ re-o:.:tdf.sad bi.t t"e p87"'0ill-oi"'\.o aoW to t~a Mo 

rea~ent ooRofi4tMtf.cma~ A• ~l.d e.t:p1Lloted bu tf\.e oato~v .. 

tf.o natu~o Q/ t~ 8~8~trods nec~•nt~, Uatg~t (21) 

obeGrved t~t t~ ~ef.g~t at t~~ aoond ~va ~• ~~n9a1"L~ 

ln.eot7'0ttJt6s aon.ta.tnf.nQ a at.;~:t~ro o.f aalrpt~>w"''c 

and ot.tr•f.o a.o Lda ~,..e a~\.nad h1,• Jli.tneY'" (9}, tro6..1'tt~ 

(26) and Peoao" and ..Rlr-k:r...urst ( 27).. In. a~., oase.-J t100 

t~Jo:!, t-.ro~ed lD.:lV(JD were r-~po??-ted. i'ol-.taon (:...16) tutec1 eM 

D(ltOI)r.d 1Cai.•a tn an ~l.9otro1,1fte ocmtai.nf.n.g 0. 75 Jl oulptw.rto 

a.o ~d and 0.5 N oi triD ao1.d ,J'or th..<3 dete~t.nat t c·n. o.f nol·v-

bdemu. 'l.:l ~ter-~a.·,a of tt\e ·~.H"'C"_l.H·oll" ts;pe. Ttt.<' aoo.vo• 

d~ f.u P~+ and ou2 + i.nns tntqr.f'aroo tot.t!l th.~ .tt.,.st wsva 

Peos oktl •••• 
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.Pooe~~ and fur"'hu,.at (27) oVEH'ot1.'111 't~ 

tnte1".fe'P"enoe bV 'ib.e c.·th.o7" eioeents p1"eoe"t -t..n p1o.nt 

wave a lj)67'6 tH ~ 1- a flaped at tt\o T'~c~~'mded 7'eagcmt 

oonot3irtra.t1.0ll8. Tt~ea9 au.t~o~• (?.7) ;woot)111l!1.6fided 

oa~l•ta.n~, 1, '-noreea.~oo 1QL t~ ~ twJ Got.dttv and wt t~ 

deor11a.aLn" 1-~i.o ~t~en.gtt.. TtlL.s 7'e1!:l·tt..onat.tp betlOtit"m 

~roove ~ei.gla.·t a11d a<J1.d oonoentr·att on ~MoB oo;·ttrarv to t~t 

obeerv.cl by 0Gr1"1.t (8) f.le el.eo"t~oLutaa oont;atntng su:l.

ptt.urt.o ao'd t:J1.01\6. Th.e oonoen"tMtt.on o.t cd.tr-f..o a.ot.d 

0 • .5 M oaat~ted d£ato7"tton oJ th~5 ..i~f'tt wa.uo a.r.d tiH1! 

.tol"Sat1.on a.f a. ~a~g~ ~1.Dtw. Peueok (27) ataCi:id tfl.ot 

tftte :t•p,.oveaent. tn t!\.e ;tor-a !l;/ t~e WGV~s .tot• aol-ubdanl&l 

lCaa prooobty clu.e to th.e aonverst.on o;f th-e po~wnu~l,eaJ" 

tn t;tw pt•t~eern..:e o;t Q.i/(J,.OXll ooLda. Tartu1·~o, gl.Y-.oM'-a 

and cth.e,. flLf<)roz~ ooids 1JWT'e obaarvoo llll Peosuls (.'?.7) to 

et.•1J..Gr~v h~p.,.aue tfle el\-ape ·C(/' tl\.6 a;.(l.lJe .. 

(3) and Oodsl,t at a.1. (29) e.xomtrv1d perooh."'-oi"i·O ac<,a a e a..1 

1-ut~ ovntGtnt.nw 2.1 N por•oh·i..&)7'ic aotd am o.oo&;t geL~ttnl3, 

wh.t. te tl\..'lt tnvoettgc.ted bv Mi. Lner (9; oonr.a.tn.~~ o • .c:. N 

•.ro< ~19./ •••• 



J'Hil11" () b '), 0 T'G t IB £ Of• • 

HolJe ana GS1Ji:3T" (17) ~t.n9d ~fiw ?"Gi-.~Et aj 

a.otd atrengtla. Th.e oo1.u.es repor"t.ed a.bove oonour wi.tf\ 

'ttl'LB dt,.-9ot:"-on.air trer.d. Hol.Je a.r6d Geuer 07) a.:&.a<i 

repoJ-ted tbat t~e nu.-cgr af trouac .f-:.H~ •o~l,lbaenu. 

t.no.,.~~sed ~~OR o~e to t~r~e Qver ~~t.a ooAoentrGtt.on 

ra.nwe• Oue1" tb.e ocJt!l.oentratt.O'\ 7'C44''lSJB 0.1 to 5 N 

peroh.ltorto a.ot.d, two uuvaa were ,._portoo. 1'~1.a .fiMl.ng 

d\.d not oonou.r JO~tb.tt.oee o.f.lltl.nar (9) and Ood·r:JLl (jt Q], 

(2.9),. rb.a el.ac"trods eoboni Bm.t:! woer~ a tat l.a.,. to t k.oae 

repo,.t.ad biJ 1loJ,Je und GsiJt-H' (1 7 > jo1" ~i.d:OcJ04lo1"ta Ckl t.d .. 

l.wtEt o<mto.1.nf.~ 0. 75 11 sa],p#\-..rt.o o.otd and 1 11 .&&..~1,tJG 

paroBLora.ttl.. !'""'" e1.eotro~yte walt ttuper1,or to th.oBa 

aontatnt.ng pe'l"cn"'o'"to aoi.d bcon.uae QGT'eJ'\i.l. oontroi. oJ 

thH pero~~or~t~ '~~ ~~ po63~bts. T~e •~~i~ peroh.tcr

Gte oWQ8 added to trte test uolo-u,t'(.on Gonta.tn.'tng "ot.vlx1enlal 

q~tttn~tve roat~r.e Gpp,taation ~ t~ts e&~4t~o~uee 

p-~ttoa.1. J'CAee (30) repvrt66 !:) centti.t,vi.tv act 

0.02 iHw• lli.Q&r~bdenus pe,. ~L cmd oi,o.t,~,ed til-at tfl.i,a (Hm.s-
/ 

1 • 2/ ~ e • • 
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1 .2 t!.ll2iUlD~.~: 

Seve1~~ ~ ·t~s s1eotro,~tsa d~aortbed vt~~~ 

waves w~to~ poeaess a satt~4lotoru wave jo~. Many 

e1.eotrolo~trtee wer~ ~£1DortbiJ o.t .fu7"tf\er stoou beoaue• fifloeSI 

were "<urardDt-'s to ta.a.nd't.e (e«g. o()l!.oentrGted eu.lrptwrto 

acd.d) or el..trti IJi.tJl.dGd iDQ.lle8 toot ~~re ori.ttoa1- on tt~l9 

reagent oOBoe~trat~~· (o.g. 0.1 M eu~p~urto aotd, 0.2 M 

eodt~ ev~pbate ar~ 0.05 M sod~~ nttrate, eto.). ~~eae 

t>..auc been. .tullJJ df.eol~deed Ln. tl\e above 7'avt.O». 

!~1'E:It3 pol.GT'Ogra.pb.1.o prOt..HidU.7"fJ8 l+a.tta l)een p!A-b

'lrta~ jrr,.. ttle dot~.,..f.?1at1.tm o;t aol.ijbdantZ tn p~ant 

aate7"tolr. !l'bese a.,.e (t.j th.at oJ" Ntofttola and Boge.,.s (1 ?.) 

w~o p'oued an e~eotrct~te ooatatn~~g ~~trto ao~d and 

o.uaont~a nt.t7"ate, (1.i) thGt oj PEloso~ and ~rltt.u,.at (27) 

~~o eap~oued on •leotro~yte oontatn~n~ eu~p~rf.o and 

o1.tr1.o ao~d and (1-t.t.) thai ov- JOI\tHJ (JO) \Oho 6lJi.Pl'-"'ll00 an 

etoot~ol~te oontatn~nQ aalp~rta ~otd and aodtUD per

ob.lorate. Tf\e proc;;~u.re o,J' JotHJ~ (30) i.e eupo1"1.or• to tna 

ot~a~ t~ ~n t~t t~ aenaittvttv ~a greater. T~e ~eagent 

3~o~ntr6ttOA wua ortttcaL ~or o~~ tnree ~bt~~e. T~ 

oonoerltrotton o.f sodt'.a per•Jtti.oro.te ooul.d t~oweve7" ba 

reudtt~ oontro~l.ed. 

8eve,.a"L o.f th.~ ottl.r.n• su.?.uttGooea ooo,_.N·tnQ i.n 

p~ant aaterta1. tntarferod wt.t~ ~aa~ ~ t~e above prooed

u~es. Nort&a~l-IJ ouob eu.betanoae "'nter,f6red bbl "ie'l,d\.n,g a. 

1«me wht.o" p;oeoaeded tn.o.t ,for lif.Ol.Jibd·m~. When tG.o oo•'1-

oe"trot i.cm o;t th.eee eubatcmoQa U~GB in '3.xoees oJ' tt.at for 

ao~ubdan~, ~~to~ ~a uauat~v t~e ouae, ~t waa a~oat 

1.-.poee'&.bl.~ to obtat1l 'll.K.61'ltito.tt.oo Ja.ea.Bu.r·clfl.E!nt.,. 

In/ • ~ •• 
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In eoo~ o;t th.e abol)e pr·o!'fKi&.H'6B .jor .; ~6 

det"m£,ooti. on o.f 7aol-wb.1enum. f..n pl.Ol"~t a.a.t.erot.,J.;.,. t t\a 

tnter.fa7'en.oee ~0.,..• l"awvfiod b&J a t~dtou.s pret:.atr.a.rv 

neparatton. sta~e. N'-o~'>-.,~ and Jic:>Qidr'8 (12) preot.pt..tats:J 

the JM-.'1-iibr.lenua wt th .L- banMo'tn-~tav. T"-i..R pl"ooOOuNJ 

~e tnaoou~at~ at ~ow ao,ubdenua ct~entrat~ona. 

Feosct (27) separat.:id tb.e o1JJbdtlte aJr.tuna biJ tt~s ~.sf3 

cif 3 oatton ozoMnge restn ool.uan. Jonea (JO) /"ound 

that tr-on, oc~pper· and b ~sauttt tntar.ferad w\. th h.t 11 

prooGdu7"o. «. • &"aot.n~t.r&e 18Q.8 ·i;h.Ql"'ejcr-c added to the 

pl-aat •ol, ... ttoo and t~1 o~.p t~: _to1'aed l«i& ~t ra.oted 1u-&.tn 

ot.~o,.~o.,.... T"f..t ..-ctrootton had a 100~ tl.f.fi.otf:'nO!J 1.:1tu~n 

'tiH3 tet~t eoz. ... tton oonta.tned 1 to ~ st~1pf\u7'to act.d. The 

o~loro.,..'~"'ona was Dubeequ.entlov rem.ovoo b-y e·vapc?"~ttor~ a.nd 

tile ef.. -ben.scd,n~t.ac.e UXlB deo<apoeoo wtt' n.ttri.0 a.oi.~i. 

Th.e ni.trt.o aot.d iDatJ reaolJOO biJ J-.G,:..ttn.4} to ;/'tuaee e»t.t~ 

aui.ptwhl"~o oo1.d. liet.tf\er 1..1"0!"1, ooppa.,. n.or bt.emu·th .t.on.a 

aJ67'e extracted lty tbo oh.J.oro,jM"mo 

i~a.oh. 'JJ tltc pral.1.atnar·v sepa.rat.i.<m eto.gec 

des!lr-i.hed wa.JJ t1..w.e oon~U~J,t.nS}. 1't,1ra ~E"K.l to tbe ata.t~er•t 

bU Ni-onota a1ld Boger• (12) toot tf\f! pol,aroproph-1-o pro

oedrJr4 possessed no adua.nta.g.a c)t.'tH" -tft.e cpeotl"'oph..ot,aat ri.o 

p>'"ooedu.rs J'o'r tll.e anal.ilat.a oJ mo~iJtdenUA tn pto.nt natarf.a.I. .. 

Stnoe t~t.e Dta.t~n.t u.na pubHat.OO, t"e tJBllt't.ttvi.tll oJ' the 

pol.arogrn.pb1.<l p,.ooe~lu1"e f\ae bson. t.norGaeed (~T~i.<RS (~0)). 

T~ obserDat•on ~e n~v8rt~s~eec stt~~ va1ta~ and t~~ tt.se 

raqc.ot.r t~n.'t au.trt JI,SOtlS8a7"1.'LiJ bc:J i"edu.o,~. 

Ot~r 3Gparat'o= teohn1.q~~ desorotbei tno~ude 

".:ct~tton: o!\?orn.oto~-r-aph.JI, ten 6.2';Cib.ange1 redu.ctton aTK1 

O<*pl.e. .fo~1.n.w pT'ocedaraa. OcJol]; (29) ~Jxt-rn.oted tr.e 
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nol.ubdanu. wi.t~ .9t~6 a~f.ff..atilnoJI t.u,~~ ettr.3r. Th.6 teat 

so•uti.on oont.atned 4. 7 N h!l11'oe:nto1"to aat1 a.71di 3 .. 6 N 

sulpt-.. ,_.7"1.G aot.d.. ~{l.ecrth.e7" !D<ltJ J~8:Aoved bll eVQ.po~t·~~), 

p1"tor· ~o t~e addt.tf,on o;t tf\e pe1"3"to?-to aot.d Elloootro-

1. vt e • Oode 1 t ( 2 9) ;fcw1.d t f\s ,,. " t M·oo t 1.1.7B 8 t h.er s.x t ro.o-

tton teJo"mLqu.o, ;frt:A aotdta ao7,~t1.oPla .30A'tat.n.t.ng a.n 

al~~~t t~~ooyanate ~ etann~~~ o~tortde, ~• ~o7"e 

e.;r~·totent. ~~ oo-·t>..:a:·t 1"\l.Otoo sta.nnoae 1.0!'8 were subs~

qu.entl.y preo'l.pi.tated "n tt.e ;fora oj •eta atazmio ootd 

on ti•e additt.on o.f ~tle p(i1"ob}.ol"~'l aot.d al.eotroJ.vte. 

Ko~~~jenua ~s oco~udea tn t~t8 preotpttate. God~l1 

(29) oont,.ol.l-eci pQeet.b 1te an'L oni.(} t.n ter.ferenc.Hii blJ 

evapor'at~on ~Lt~ p~ro~tv7"\o ~t.d. Ko~t.ar (~1) and G~e 

a.nd PiorentLnt (32) separated tft..s aotuoo~nta DlJ th.e tu~e 

~paper o~1'a.atograp~v. Oo~'e (18) and A~~~~rtn (~3) 

.found tl\.e m.rnrt 7'o.p1.d ~eth.cd .to.,. t~e e~'L.IIJl~natton uJ' 'L~ta,.

.tarar.oea to be tfl.e u.se o.f f.on. ~o~Qe r•ae\.ru; ,. 

Pro<H~urea tv.wa DE-~11 dsso rtb·~ t.n 10ft·i.ot\ t f\e 

ti•e oonauat:-c.g eeparatLon. ~t;o.Qe 10ae Vllt1.ratv el.t.~1.nated. 

Saoh. proooou.ras oe>nvt1rted tb.tt tnter~"er·~n.g el.araenta to 

po l.arogrClpf•i.oa. L 1.&1 (.na.t.ltt.He eu.l>etanoas. tlGt.~h.t ~"ld 

Rs~J11-Grd (?8) re:::.ov>Bd tntsr.fa7•en.o~ bt; 1'"19d ·:.ott, on wt tb ct.no 

<:WIIO 1.~ and atannoue tone. Ge11e1" (3-~) 1•eduooo ttw i.nte-~·

.tertTlf} t.07J8 tD~tb 1\Vdras:f.ae 8U.~p4a.ttl. U(~· (1) iHH~d C"~?.l.t.O 

aotd tc o~pJ,e~ t~e ir~ p~ea~nt. FGrr~ and Yakub1.k (10) 

o ~Ap'Le.:ced o ~roo Ltw ~Di t f~ cu ~~~f\.ur d i. o•t:tde. TnBal-1 a ~P taor,:fj 8 

yt.et,dsd a lD(lVe at a JtOl'"t) ne~a.ti,ve potentia.}. tt.c.r¥ t~t J~O~ 

t~e ao•w~Janaa WGve. Inte~Jere~~@ waa t~~ebv e~1.~1.nat6d. 

Tt.e/ ···~· 



poatf.ve di7"ao-

tton. Sabstanoes r•edu.oea ~t a e ?.gn'i..f"toc:lllt lriJ aore 

naQattve poten~tG~ do not ~nte1"/~re. ~~~67" (35) 

reported troues .fo1" ao~11bden~ at .&"6I•o volrt verau tt\6 

•• o.e. tn an alreot~o't:.rte oonta.t.n.tn~ B•.Jlot.ou&,a1.doxt.a6 

tM tnt ti.a}, 8$po~tton stage aMOllrtd ;•adt.406 aanf.pu. -..ati.:;" 

6rrore and ai.gnt.ftoant t,ll sh.o?•ten th.e pol,Grogro.p~i.o 

1 .j fb.t !!t?'tltod o.t !1tw"e; n2l· 
Tuolte?- (35) da-ue1oopfX.~ a. pokH·ographto l'ftetl\od 

;toT" t~9 detemtn--:.J.t;.on o;t u.;~a.nt~ r...M <3Wtpl.ou6d Qil t:lr·w

t~o,yts oonta\R~nQ acetto aatd a~l sa~~o~~a~d~t c 

(00H 4 .orr. O!INOR). ~~ Iloet~od ,cas ,.,e7.a tt. t:o!i 1.v J'.,.ee J.,_ 

i.ntertv~anoea~ Tuo~sr ()5) o~ner~ed ~owever tn~t ao~u-

oonoantra., '£.on. 

The proot\.cai. det~tl-.s c;t ti'w:> as.eti\od Gre ae 

Jo1Lc~B:- ~ve a~. ~ t~e oaaplr8, ~ontGtn~n~ 150 to 

800M g. uronf..ua o:z:t..de (rr..Oo), Wf.H•e p~aced tn a 10 ~1. , ) ") 

pr{4o'£.pttate. 1'o G 5 a-.. .. altquo~ o..f tna o•ec.r eol.u.t'-onJI 

2 l:ll... o.t b&Prt»:v~\.Nill.rH7 ~~ 7"\'>an ttJrt-de. r..e ra add at.~ . ~hoe 

. " . 
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A,J'tar >·a~ova.l. o.r the oc:voen bv bc~bbttna nt.tr-o;;en 

th.ro~~"h ttw so1.!.itton, t~e poLa.:rooQ7•a. wr:le -,.eooT"da1. 

Tr.w~er .toancl tl1.a.t 5t"JO p.p.,... far·7"ta 1.1"011_. 

400 p.p. - ~ f6rroue iT"or., 1CO p.p.~. ~~~o~a tone, 

50 p .. p .. rll., oup.,.l.O i.ona, 10 p.p.m .• nto~e~oaa '-onB, O}Uj 

50 P•P•"'• oooo;tou.a, coba1t;to, si.no, llKl.Ql'lEhHWil ar .. d 

pl.~cous t-one, a.n.::i ant,)l~8 etH)~ a a nf, t,.. \ted, su tpra.a.t9e 

a.nd oh.to7"~dea t11.d not f.[jtar./(lr>f:J. TM.8 P"OIJH,ju,rA 

t~er~ora appear~i ~1~ e~ttod to deterrn~nat~on~ ~~ a 

o..-pl·n sab4.'ltu.r~cw lt\.Ji:a p~ant .~ter'i.a~. '!'twlier 

r·apo7"t~ a iDC.V6 at -0.26 vott v~r-<we tO.e ~.o.e. ,fof' 

u.i~a~-.f,WJt. Jw.tf.f4.ony lliolrded a '!roV<J at -().,16 t~oi,t 

VJratHJ ·tn.tt e.o.a. Bt~u.th. 1J1..a~dtJd a U'OtliJ ~1o.ae to t.-.~::t.t 

ob (.(l i.natj ,for' m 01 vooen.lJl.l&.. 1'ttr.a above ·t fl-!'~e t 1l tf: I" frJrenoae 

.a.v s.:lrj'o Z.v be d 1. a7"ega7<1oo a tnoe tlt.eu norma~~ v ooC\ ~T

on~~~ f,n. iA tn•u t. 6 t ,..ao 66 tn p l,on e ~f, t ~n·t..::.7J tJ. 
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2. W.l!lt.P!WAU G:JlJI.a:LQrU!fJl.~ 

ilbT.amt:JJU!XX Qli . ..QE.Ji.Qla~1· 

2't.a 1.nstr~ent u.a:?d wae a LejJbol.d Noo'i\jo~.,e;

pota~oo~apA. T~e tnatr~~ont ~~ ~odt/~~i b~ t~~ 

addtti.::m oJ' a oftar"tn.g CtJ.l-ri\,P4t o<Wp61le:.:~tor•; .et.noe t~ 

~oat Q! t~~8 ~o~~ tt WUB ~eaoaau~~ to operQt~ G~ ~~ 

~i.aua., o1" neaJ-l,jJ t:n.e ~f,~~ aella'i,tiuttyJ (Kue (J6)). 

kil Ttte .ittt;t1!H1.tliU • 

A 1 £: •aasu.rg;~snt e 10e ra aade Gt 25°0. !'h-6 

ti\6N:.oatat desarot.bcd 'biJ Rve (38) waa lilat11.,fied s?,t~h.tJ..u 

be;fo1•9 aae. A nold,,M oopper •pt.ro& ..,_.a 'Lnoorpor·a.ted 

1.notde t~e ~DGter bath.. A ,f?.t(NJ ~ oott7r 9'1l8lH·oo oo:·1sta.nt 

t~per.:ltr.H'e en1t~n wl\en t~o r>O()IA tompa~o.tu.r~ UGG a.bove 

25°0. A roo~ li.UB oon-1t.,.u.oted eo tl\at ~lld r€j'81'"vT•oe anc. .. d~ 

oe ~11- G8 th.a asri.as Q./ .;~VQ oa11s o<:>L~~d De '(.neerte.d 

A naw type a..r oG1ri, waa den~r;n":.xi. It. t.iaa 

;f~ to be robtutt, east lty ot.ean.ad and axoel.t.anttv 

su·frted to tl\f'l pe11.for;A<moe o.,t a 1aJ•ga ae~t.~a o.f deter-

:l'h.e 7"oaot,on o~:)~·Z. too.a a Pl:J1o:c t. ... H?t tu~ohe, 

(.;'t.Qul"e 1)o Tt,a t·t,t,btl l.X;.CI 10.0 om. ~onJ <-'•lO t!\6 

dt .. ~et&r was 4,.0 ca.. It. lliQI.I etoppe..,•oj by a. rL~obb6r bun.g 

1'~-a/ • p •• 



- .. 4~·~-... . 

FIGURE I . 

.:.:;--- -'""' '1;::., 
( 
~ 

THE ELECTROLYSIS CELL 



T~a n~frog@n bubbtar ~8 J~tted ~nto t~e bw•g~ A 

p;,rr-a:t tube, 1 aa. tn dt.!l14-ote7•, 'tJ0,3 1."8t3'1"ted into tl\c 

tM.r-tJ teQl.e. Tb.e <.i~~o qf tP..ts tabe ~~ pravt.cua~v beo!l 

gr>Ot)1'1(l oaootb, .and pol.teh.~ tn a. .i''r·~"" i'~~s tuoo ~&Ufi 

esa7,ad bll aei.~opnaroe, ft.e1J.:1 ion poet'Cf.on bw a ri.ng o~t 

.)re?:J t~gon. ·~t.4bin.~. Th.a teat aol.u.ttan ~8 ploaood 1.n 

.jr<J1A tt•a MotR ttol)et sol.utt.c'r", a:t..1 d1..f.;~a1.on b!l tneeP.feri.nw 

'&.one IIIG8 i'"ed!W~ t(.) a at.ntJII.W.o 

2t1.1 tb§ r~if-~nQ~.2t?cy~QQ!. 
1fg/l!g_,804 (B), 0.1 N HfJ04/TtJat ~olou.t~on./cl'l"'opptn~ 

el.tlotrode. 

ua~•~~ t~e e.o~eo T~e •aroaPy on t~e bottom ~ t~ oe~t 

was oove~6d wtt.~ G past~ Q/ pu~~ Hg 2so4 , ~nd aerourv. 

~~ so1td p~~ee was oovered wtt~ 0.1N e~so4 , saturated 

wt t!l r&ar-oul'Cl.J..G val-pbate. TM ~a..r~l"tmoe e ~ootl"'ode wa.3 

toG PIJP6<-"t tu.be Ul~i~.,~ JDO.s II!E.Ia.ted wt,tn "gc:.r• r.md potuani~JA 

ni.t~ot9 {rs;f". Kol,th-o.f.!' 1 ;:5)). Th.s gl.a.ss tu.b~ Wtls lient 

oou Ld he a~~ l.y lh1ld rapid ~i:l oonneo t ad t o ea.or. .,._,... a a•Jri.es 

c\f e•ootrn'LIJat~ V('esa~s i ll tu-:"'11,. under oondtti.cms q," 

2 15/ ••••• 
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~ Prgo)l2Gt gqna\d§rgttQGJ• 

(t) NoMaat dropptng a6~~~v eleotrodea W6re U8ed. 

betgnt Qf t~ aerouru r6aeruotr ~8 aa~n~G~ned at 4 

oonstant va'L~e. !'h.t1 reservo~. ,. io0a8 oor.neoted to tfwi 

oapt \ J.arv t~be ~i.th. 1.JHJ1"t tugoo tu.btn.g. 

(t~) ~IJQ9n woe raaoued ~~ ~"e teat so~utton 

OIJ d&goea\•g wt.th. or-iHnar·11 oa•uu,l"'ota·, nttro"en.. 

2.2 ~epgrgt\on Qf reaoent ookut\on'• 

All t~at so~attona were prepar~ ~aa 

de\on\a8d d~stt~~~ ~ter. A~l reagente ~ead ~ere A.B. 

qu.al,-i.t". rn._, aaltou],ald~t.a6 tuJt;d was Judo.;c C.P. qua~'LtiJ. 

Ph.e aat~o~~a~~t.ae WGa not p~rtj1ed jUrtner b~ora uae. 

Sorupu],oue attantton wae potd to t~e oleanltnesa ~ alt 

-'.s..lt ~·f\lqrd •otw9d~. 

•speopt.r·a• a.r:osaontu. ~.'iptamoloiJWa.te (0.1822 g.) 

~• dteso•ved tn water and ad~ to a ~ttre. Th.e oolu-

tt.on wae stored t.n a pol.vth.e!'l• oont;a.-&.nar. 1 -.1. o.;f i!\!a 

eol.u.t1.on oOilta.tned 100 ~· ac1r;~bdenun.., 

~ §Q~k01Jt<l1c1Qiit~8 §QJij~l~• 

8a~~ou•a~d~t~e (1.00 g.) ~e dta•olved 'n 

5 •'· et~Vl al.oo~o1. T~~a was added a~ow~~ to 95 •'· 

2.3 A Q.T:.i.1iSI9t emti~tkon ~ li£Sfrte)_t!ippw:U!~ 
fi\Jotro\utt•· 

..la..ll j§{jkjtlft klr®il· 

It ta Jutoesear11 to cit.attnQ~•tet. bQt'-DE:Hm too 

pol.a'l'"ogT'Op~t.o ot.al"'Goteri. stt.o 1 oaused b" tfi.8 pre~tence 

~ aol.ubdeA~ ~n so~utton, and t~ose oaussa bu the 

aapport\.n.g e'J.eo1P'1"0lflt6 ttafil..f. 0U.r7'ent-vol,-tage our4U38 

were tt.er~~i"'ore pl ot·~ea ;to.,. eaoh. C'4f ttw. su.ppo7"t1.ng 

el.eotr-ol.vtas prtor to tr.~ addttl.on Qj aniJ ao~vbdata 1.on.e • 

.'l'h.e/ • • • • 



+ .:: n 11 ' • I 

A ai.at 'lra1' wnve ,f:iT' t~fi 8Ul.1.uJJt.O ~do:r.'l?l.P re::t,gent 

ll'a8 obsal"'ued tn st..pp~rt L.nQ ~ Leotr-·~ r,vt ':liJ oont:.J'&.ni.! ,~,G 

Tl\·' a/ . .... 
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a?k'i tfle a.otditlJ. l:'f.QU.NJ 2.3 wa.o obt"tnro .foT' (l teJJt 

so~~tt.on oonta.i.n1.aQ 0.0.5% sul.t.ovtal.do.r.tae tn a eodt~ 

nttriro aco1.d, and tr. el)ooh. c;/' tt-..s t~l.ec&r-o~vtea EHmt~onad 

prGvto~Aoalrii• Tne (HA.,..Psmt IJJQ8 not tl\fl,u.en.aed ba; th.e above 

tton. t.nor0a.asd twi. tto t. ha acd .. r:t 1. tv. ~talt r-ct.vtsn oonta&.n.

-5 t.ng 5 z 10 to 2.5 1l p8r·o~l.or-to oat.<:: c.Tt~l 0.1 t<i .: N 

th.t.a te an anodto otH•rent, oa.~si!Jd b11 tt~e GrHXHll d t a

ao~u.tt on of tbe RS!"Ou7"1J .trm tl\e dropptng e~ 9o'trode. 

Tn I 
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wf\toh. wtn•e oto.e6 to,or more nago.i-~VB th~n,th.e cieo~

poRLti.on potentf-.::.\1 a,f ~~e nu.ppo-,.ti.Tl·Q et.eot't'o~wte.. Pc.r 

ocr•t(J.'LJ\ el-cotroJ.vtes, e.g. tl\at t .. H300 t(> aot:ilin J'I.,QiH"6 

2.6, th.e a.nodto ()tt.1'1' tiil~ wa.e 1.at'"a and ,t\l.t-1, ou!.~-1e pol.o7'o

gr~8 ooukl not "HH,J;.c.~l.-V b~ obta~rEJcJ .fol' tlwi ;;t,()'l.L;tdtn:.l~ 

:i.,'fo ;.;? ~G'l.:k.QJlf.:.aW.~\9:! - e:25!t ;.o ao~\t.ftl.s;Q..t~~.&! .. 
6 ... 

41i.q:..ot.e o&f' ~~xd.L.Or.l ;n.otvbdnt6 (Mo ) wert; 

0. 76% tlo.H.,-,1/tc"'i,d~.:ia.o and n. 7 il a<:,~tio ao1,d. T~e JIII.OL·ii

Mate t ona were redu.oad to 1Jit:1d G doubt.<-; utave witf\ c. 

~a,.ge epa.oe r~qui,rf;~~t.ent. T .. a h.a1,.f. :AK.we potantia1r.s ~:~re 

app:rox~.aata ~V -o • .3 and -o. 6 vol,.t ver~l.*B ttw 4tn•uu.r~ pool-. 

Th.F.I/ • • • • • 



.7'llo .ttrot wo~e 1roa t l-.e sm.,:HL·ei· arvJ waa po .. 1r"t.1,1 dG.t't.necl. 

T .. c- eeoond 100ve mo(:l d1, atorto::>d 'b:; a JSW.:CL~fmi. Tt.ta 

rv.J.:r:1-U.lJm uoe di~~t i.nt,~t-~rJJ Ol'l t~e a.cJcHtt.on oJ' p6.l'1ati.7t8 

(/'t.Qi.H"(oJ j.;.1)e Tlt.e SDL~t'!.on wo.e e:ta.: .. l-e a.nd vt~i.oad 

I.uenttoa.I, pol,c.'l"o{;) r-04!J:8 ./01" o minint.k"'ll> pertod Ott t~~EJf1 

do.ve. T~:1 baat.a roqutre;nrmtz v.r cl- po'!-a7"of}r~ suttc.bhJ 

J(l1" quont 1r ·~;u.t L ve ~!..·as.;•r·3m~r.ts t\uPo been d t.cotHHHid 

p7•ev1~oaa!.l,l tn t~.(l i,'i.tera.tu 1'e BU.i'N'iJ· [;l vf.:::l, oJ ti\B 

'al"'Q8 8pc;.i)6 r\3qutrvff\.ent aoo ~fl.e ne:Jo~-tve 1Kl1.j'-r!:OL'e 

potenttaLB, tl\ie ult;oCrol-t;t~ w-.;.e Oo"lei.der6d tc bta 

Wlal•'f,ta.b1·8 .fo-r a.ppt.~ou.{,~on to ,..,.,:,:.ttne a:;.a1vat..v. 

()l tb.e a.dditLon c~r DU;.f::•t.~i,ent; tartal""~o c ..... Ld 

to t~e abo~o teBt ect~t~onJ a pc~aro~r~ was oototned 

tn 10htoh. fi~8 &C•'l-lJlY.L:ntJR. v!.al.da.j a. 8tr.gl.e txws:~. The 

po 1.a.rooram obtc~otn.6d fr<lil a test tHl'lt\Nt ton to wllf.ol"~ 

o.o.J.% ta.r-ta.rt.l1 a.ot.d ~!U8 odrl{1d i.a rep7•cduoc:oJd 1,)\ 

,_f"l.gu..,.e 3 .. ;. No ge1..at\.n Wt:la pr13aent. 2bd.~:- wavo 100,6 

•ore a.m.or.a.b1.e to •~<:f~QI\'t mf:'}0.8t~J·6'7 8nte, lmt t"-e t.a l.J'-

!DatiE:i potentf,aL ro~ t<t"!:l·1 .fut.rLv nuoar.Lue. i'tus tr\.f1.,u-:;noe 

ct-~-' t~~-ta- tartrlori..n aotd oonoent7"c.tton on. ttw pc1o.rogr-cm wa; 

9Xa&\.Pl€l0 and IL>OB .;fotJ¥KJ tc ~f; 0 i' it 'C'!U. i• • (Xl. tr10 7> 0 0:.8 tn{7 tft6 

tu,..ta.r1.o aotd oono6'r.trot-ton t.n t~o ClD<.>LJa el.aoti"CuiJt& to 

(! .. t)~, t~~e prE:1-:X.U6 lOU6 f.lltJO'rtf:~€t6'l,V B~pp7'f':1St:,.'('] l.ll1>d 

poLtl-T'Ol}r'CllTt8 ntJBt.ta.r Co .ftgu.rt- 5·"' "6N:1 r>e~croerJ. '?h.c 

t\etgh.t o.-r (,ils:: .['trct uuve wo,a 'l.:>w•-•t'6r oona~~'l8""C·"~~v 

o~at, t.er. 

T.-"0' !.'Be oj" :J, .q;;,pporti.rPg ~ ~80 t rv~·{;liie cowto.o~.nf.7}~ 

o.,~ tar"taf•to aotu L:ie'ldnd twc LCCWi!!t~ •:lB ts s h-own. t-·11 

J" L QU 7"<3 3. 4 o Tte.<-: h.c 1J-wavt~ r.:o i- en t ·1.u. ~ s ~'eN Y'b a p\J\l t t ue t lJ 

l:'.(J1"C 7\tik}O·.,'f.V9 ~lv.J,.q, tt\Ct.'0 l'jb3€7"vt..d ;:r . .,-,. <.l.(W ti o i.."tO"i.(J -

aalo1.ovt.a1.d0i%:L.~e Gi·IVC t. .:-~~tee. Tn~; l"at·~s dtd r~oot poea (~3a 

a 111a...-.:L •• ;m. ut .t t. a.r r:c ... vee ll.u.Pe b <:1on r epot•t!Jd b!J M1.l.Jl~r (9) 

j"r-011. l. ea s aonoentrat~d (J,7t, .. 7'~o act-d sol.t.r.t l. on. . 
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0 -0·1 -0·2 - 0 ·3 - 0·4 - 0 · 5 -0·6 -0·7 -0·8 -0·9 - 1·0 - 1·1 -1 ·2 -1· 3 VOLTS. 

A PPLIED POTENTIAL V E RSUS MERCURY A NODE 

REAGENT CON CENTRAT IONS. 

THE TEST SOLUTION CONTAINS 2 >< 10-4 
9. Mo 6~ I O N PER LIT RE. PLUS T I-lE. FOLLOWIN G 

R EAGENTS :-

TEST S AUCYL ALDOXIME ACETIC ACID TART ARIC OTHE R 
SOLUTION . o/o NORMALITY. A C t O olo ACID S . 

3·1 O·G8 0 · 07 0·005 NHCIO~ 

3 · 2 0·76 0 · 7 

3 ·"3 0·73 0·7 0 · 04 

3·4 0·8 

3 · '5 0·69 0·6 0·07 0 · 03 NHCl 

3 · 6 0 · 72 0"07 0·03 N H:!>P04 

FIGURE 3. 

POLAROGRAMS OF MOLYBDATE IONS IN SALICYLALDOX IME -

ACETIC ACID ELECTROLYTES. 
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tarta~£o aotd etaot~o~y~e, a pc~arog~ ~• oDtG~ned 

11t.&.ot\ rea~bi.ed th.at 'l"eprodu.oo-.1 t.n JtQt.H~Q 5. 2, Mtf:,.;;r 

than "1"1. g&j. re .3 • 4, '!. • s. t BA odd 1. t 'OA c.:- a a 1r 1,1) ul:a l.d o,1;t. e 

re;ldsred both. r.a1,J"-L."SOlJ6 pot~nttaZ.a l.fl1ae nogatLva.. T~ 

7'ea.otf.M produotng th.e abova pb.en.a;a.enon ia un;t;no~Dn, 

bu. t aay bt.~ o onn.e o t eel «' t t n. t h.-2 jo ~ t L on G/ tJ. o ~ Ll brJa t tJ-

e.=aatned pol.a.rogra.r;~toCbt 1-11. A stng16l JJ)(].Ve, c ~t 1.a.r 

to t~t reproduo.,.S tn Jt.gu.;oe 3 .J a>:~e obta.f.ned. A 

00$1opa7'illon a.:f t~ oonatttaonte o;t eot..~t.\.on. 1, wi.tb tl\oee 

used tc obtai.n ji.gure 3.3 tnatoa'Ced tBo.t tr..e pre,im.oe c4f 

(Wett.o GOtCi Md no 1.n.,n.tH;nce u.pon th.a h.a 1..,;"'-~v-8 po-t ant 'i.o t 

o.f t~ aolvbdenum wave. Trttl presaru.'e o.f ~·Jetio cw1.d 

1.'\(ta..enooo th.e wa.vfil h.~ ~Qt:t. Ol tb.e u-ddt. t'£.on cj 0.03 to 

1.n th.s wav6! fa.ei.gf\t was obJJ6rvsd, tb.oL*gi• th.e l".a.'t.f-IDa'D8 

potant1.Glo re.aitlacl ooru,'tant. 

ao't.ds u.pon the h.a'Z.j-wu.vo putentta t, ~ r..o h.atgh.·t Wt<1 t~e 

,fo.,.. o.t tt\e wave reooroed mr.v be observed t?-cm. tt\e poloo,.o-

obt ai. ned/ • 0 • 
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vt.u., 0.00.5 to 0.4? N ~eroh?,.orto aof.j, 0 .. 00.3 t.o 0.21 If 

A a/ 



418 tl~ phoaph,..rto ao\.a oor•oE.mtroti.on wac 

tn"~t~.1aed frc. O.:J05 tn O.OJ 11 .• t?!.a pre-wat;Q b.30Wil~ 

beetrai" d~1ueb~'~td o.nd t..ncn•.::r .. H~ld ;;j,L.gll.tt" ~n "et.~h.t. 

Th . .a 860cnd v.:aUCJ dcwe L(•p:&a a r~f..4•~· A .a th.e oonoen-

th,tL.on o._f Bl~-t.tph.u.r-!.o GrJ&.d a.~ puro~l.ort.o a.otd Wl.lS 

Ln-Jrea...cH.-td th.era t:.us em incrt?a.ef..n.g tt:~nden.~11J :·o.,. G 

jouol6t wc;.~.>e to d~[)s~.:-p. A pT•tJ-W< .. w~ O.Joarred /'t'l-r 

cu.l.ph.t.u~to a.ctd ooniJ&n':r-a.tl.oru QT'uc~tt:.:r tt\an 0.05 ll and 

;for' peroh.Lo,.~o actd ooruh~atrat~v.'1F.! fJ7"Ca.tsr tllan Oc09 11. 

J..a '!t~'lre t~e ocUHJ J'o1" p~c;,Jph.or·£,o au td, t !t.a p:ro-u.\.:.t:e 

bE!Ioa.me batter deve1opoo and tlt.G oo3oon.d ~~-c.wfi~ t~ndoo to 

dt1V61op a. ~tm!Jm, aa tt-.e aotdLtv t~~v tno7'ea.a~d. Tile 

i.no re•.HJe tn. t t•o a onoen t l'u t ~on cr:' ~Vd T'<Xl 11. ~or t. o a.o td 

a,ddod Ot.stortoj t';t~ 1m.J.Ve. 

Non.~ o.f tae ~:,';hove dl.eo~rol..i,/tee V~f31rd8d a lDilVd 

tmtt,.utv a~t.ta.b~o .for th<t Q1J.ant~.t(4t.Lue (letoM:d,njltt.on o,f 

~ctvbcJen.ur~ tn ;J1ant ~atoria~a • .;Jt.rl-Od tt~rt: p1.a.nt eol.utf.on 

'.Aool-'•Jo1l.!! aontc.t.iHJ ~norg~nl.C' "'~1do • • u~a ehotro~vtes 

o(lr.t(ltntna ttH38~ Ot1~d.a n.r ... ::s be':3n ~tt.own t.o i.fi~ kd ....a?J~D 

h.avi..n.lJ !}N'ator• s<Jr•Bt~L:.]tt;.,, ~=d,(,ctro 1 vtc.is a<.w+t.b!.nt.nw 

~'Lnorol o.otde .:~nd eat.i-:11fl.lltdoxt.~.:..1 <D~I"'~ ~o....c~t.ned jU..,.t'l.tJr,. 

Aoetto aotd Wl..la nc,t. achiei, a'-no<; ~o-t'r1.76J"1r...enoa !l.cu-. b ..... t.'l 

ei·H,w•-.. t.c1 be al.(.gf:lt; tn -:;.t.t..> pret,t:lOCt> o;/ n:Lnnra.t a.Jide. 

lletth-ar tt.~'dr0oh.l,orio r.o1" pl\otJpt-~ort.o aot.:' e"'-"tr-oLvt.e~.s 

19$7'8 6.l;oa..5~ned ,jt .. rtfl.Si', aL!low thn abou~ ~rtu€ett.:at.. .. on 

r-c;u~atoo ·u .. ~ tt pr~:.uot. o oo•p hJ.:C Ul(J.V.9!.: ;!'a,. r.t.o ~!JOt-'G'l~. 

~ ~~b!oJ:J.alr·1~'k!l :t._:. flt.ki2~...!:.tS: G)l };d~_<!li:Of r~JJI. 

Supportin~ 18tt11J'trvl.VtGs oon.t,'lt.n.l.,,.~ ua1t.oJ~-:.t-· 

dcxta.~:: a.r~d st... tpt"u.rto a.o~d ) .. Jere ~ ... o.~'!.,.,lid l.lB .roz 7.ows: 

Po l.arov ra.zn.o i..:Jt:•l"'a rnc O'F'1~ed 11..,..'-J.,. 6 p,. ;J .~.. rn.,::. (. t;bd •-17l••· t n 

C.~~ SJ. 'Lio)Jl.o. t.\.io.A;f,ae and oc.n.Jt~nt r1H tons o.f e:., L.pfl.:.r. r·1.o 

a.otd om,ert.';'lg til~ rae-.ps 0.08 to 1.5 .ii. Tlta po~a.r0g~ .. a.~s 

~o.,. trt.ta, and jo":" a1~ aublHHJ~ant e1eotroLvt~u!t ~.ca.1ttn.~, 

were rsoortjed Ut~rsu.8 t.he no.'l-pv~~r-! .. sablte au~p t--.at::: 
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r~.r~r&r•o~ anooe. In ora or to avo'!.d l'"ecording ttw 

L.n1.tt.a't lihH .. O<A""'V aur7"EP1t (.,"~''ftgu.ra ;) , and to ob1.;a .~n 

j't.J, ~ 30(l7.-e d-v"1.6ot~on., 1, ru~ pokH·aQ'f"r.lf.\ ~:..e &rreqt.t.el~t i.y 

reooT"df.;..l .f1•c:;m, an i.••i·t~a"h Qpp7..t.ro potent-tal. at -0.1 

vol,t. 

'rwa !Jol...U. t.to~6\.1 wo.1.:ee ooou.7"T'~~ ... Pl"CIT'> t.~ I. eo t ro

i-~tGa co<''\taf.tl-1.ng 1.588 th.c.n 0 .. 1 N e:-:~r!\a7"1.tJ actd 

(.fi.w(jre 4 ... 1). Ttt.e pr-e .. ·ua.ve wa.a l.n.oa:;.p:lt~'t~z.v ile~~-:.opro 

a"<j th-e :&atn ioaue t.a.a a ~u..t'l.C.t2!1 A Tn-t.~ m.a.ri.:lcw t!)a:J n.ot 

r~ovea by t~•~ addi tL-:m c;,f ~io012;a _gEJl,t;.tt.ra.~ Aa tl\e 

G:.o.1.pttarel.o <;.otd ooncOJnt.ra.tt on tDO.e t.illj Peooooo, the pot en-· 

ti.a1. o.t botil. rouce br3ca.7'..G 1,norsa.at.n(flA; ~>tcf'e -ooaf,tf.t.H:t. 

Th~ pn1.u.f"O~F'~W r¥oo,.dGd on th.e -'.ldd:.t'(.on. oJ 0 .77 N 

~a1pt•u.rt.o a.o i-d t.o repr-odr~e .... 1 tn .;rt~~,.e 4. 2. 1ro-;-o 

g7"eu.ter 8LI>lrp"llJrrto r..wf.d oon~entratt.ol\n -z~ 1 lf, on& 

iD<lV6 on~*' I.X'o6 ?"e"orth;de T~e W.l..'.l:f.U.Ufoi. dao1"ooaed wl.t.t. 

~to~ar eu'Irph.u.r·t.o £\o'£.d oonaentril-ti.on.. Tl\e drt.4rt tn tt-.s 

ha'lr..f-u.uve potenti-al o..,o t.M pf4o-l.?.-:U>e M>38 a",l!o ·!i;l~ol.J.r,-r-er·oo 

ClJ f!c'l-Je (1 7 J. 

T~d aol.vbdem~ 7't1du.ot1,on WO.L'vB "J..I\ a:..A-1.-pl\.u.rtro 

110 ttl a lreot l'"O ~ 1J t BlJ were a \e "' e.t.~t.r .. tid. J.·t~ m·6 ; • 3 t¢<.1-a 

l'"euoMed frC"nt a. t1:1Dt eoi,t•tt.on oontai.nt.ntJ 4 f..·P·Jil.~ molv

bL·'hmuu 1.n (.1.1 N aulrp!;.u.rto a.o ~.l. lio\wbd..:sr"u.o. u:c.e ,..,_~~.J&.j 

i,n tiDo .ato.pea tn 0 .1 11 sulrpP\t~.ri.o ao~do T~e IOQ.V8B wert; 

pocH·Lv dtiiva'Lc.plid.. Those .f!,n.dtn'"e cor.a~"i•e::i wl.t~ t~ 

.t~.ndt:r.Qs o.t' ffo1j8 (1 7) a.nd Ra.t~h.t {21) fv~ at.l-pl\a.l"'1.·0 

ao 1.d e'l.eotrotvtec.. None ~"' t~e wa.ut~~:. rGpr::><-•u.oed t,n 

.!"tg~.,re 4 .ool'e .J,J,uov.routv cl\a,r.~(..:-. J'or :Ju.t:•,•tt cat t.ve 

~OQ.':!Ar~Ecmts. 

~'.)..t;' •••• 
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POLAROGRAMS OF Mo 6 .,.ION IN SALICYLALDOXIME ,. SULPHURIC 

ACID. 
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e~eotro~~tas oontatn~ng 0.0008 to 0.8 N pe~on~orto 

aotd were o~ine6. In 0.4 N poro~~orio aotd, t~u 

aoL]JbdcmUA uts1.ded a e1.r.gA.e wcn .. ·a, DtlOlti,ur to th.at 

raproduoed in ~~~rG 5.1. T~ts ~~e~~t oonuurr~ Dit~ 

tho .f~ndtnge o.t J1t.1>1•er (9). In 0.8 li pr.H'onlrori.o c.o'f.,:'J 

pool'l-b' de!>el.opoo. Th.B tot.a.'J, wauo fu~tghte jot• 8 p.p.J:&.. 

ao~vbd~n~ were observed to tnoreaoe bV 5(~ aa t~e 

o.B N. Th.e oat!l>l\;tf.o r4at~r(; o.f tt..o ~oi.IJbdt:m~ ii.:oue 1.n 

t~te o~eotro~vt€ was anown b~ t~e ~aot tt~t t~e wav6 

waa oonata.nt • .J.'tne L8 '-n aooordanoe with ti1rt. J 'indtrtQ8 o..,~ 

4+ . 
Ho.~gnt (21) wh.o sto.te:.d toot Mu &.0118 aot.od a. a un t.nte,..-

to 0.08 N peroh.l.orto ao£d h.o.ue :Ouen. J•E:Jprod!WtJd J.n .ft{JuJ•ee 

.5 P•P·•· to JO p.p.~. tr~ 0.5 N pe?•oh.Lorto aatd. Tl\e 
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GALVANOMETER ~ENSITIVIrV = 'k 
UNLESS OTHERWISE STATED 

APPLIED POT~NTIAL. VERSUS SULPHATE ANODE . 

I DIVISION "' 0 · 1 VOLT 

THE TEST SOLUTIONS CONTAIN 8 p.p.m. MOL.VBOENUM IN 0·41 N H CR 0 4 AND THE. 

F'OI..l.OWII~JG SAI.ICVI.I\LDO'I€1ME CONCENTRATIONS: 

TEST SOLUTIONS 1·1 
olo 
SALICVI.ALDOXIME 0 · 180 

7 · 2. 7 · '3 

0 ·042 0·020 

7 - 4 7 · 5 7· 6 

0 · 01'2. 0 · 004 0 · 064-

EACH POLAROGRAM WAS RE:CORDED ~ROM AN INITIAL., APPL.IED POTENTIAL OF 

- O· 3 VOL. T VERSUS THE SULPHATE ANODE . 

FIG. 7. 

EFFECT OF SALICYLALDOXIME CONCENTRATION ON THE 

POLAROGRAMS FOR Mo6+ ION. 

I 

' I 



In vLe~ ~ t~e abDV8 ~ba~rvcd p~oparttan# 

th.8 eeoond muo obtai.n61d i.B J'L.gu.r-o 7.5 ~s oonatdercd 

tc be ttDo aupe~tapoaed !Dave a. Tn~ ana a«sve toCJ.a 

or.l()oacd bu redu.ott.on oJ* th.e •o~r;lx'hmu=. i.on'' and ttwl 

oth.er bJ.t tlhl eaHovi.c;tcl<AJ:'La~.. Tr.e aepender.oe on tru~ 

so 1,.1, o 11 tG 1.d ooct1ui o one en t rat t on rfm<h:: r tJ\1 t M. a e -=to orwl 

lOUlJO unau.ttab],e)br ttu.~ quant!ta.t~ve detemi.no.t(,on o.! 

• 0 llil;.:i t)A.&.IA • 

.l&1. .@c,Q1J'tgWoaYtt1 ore&et.,.at t:~ .. 

I'~ f,nJ"l.~~moa a.f ttle ooncent.,.atf.cr• '1.! tf\i.o 

r"eJa.gfint on t hoG a t.a.po o.t tb.c; ..ft r·nt LOOVe lOGB 1.ni t t!A ld,LI 

Ci.1:Q&'f.noo qaa11•tatl.ue 1-". A i. Lql.)Ot8 ;fr'rA 0.004 to 0. 4.~ 

sG~i.o~ta.1d~i~a were added to a ~~oa~t~ prepurad 

so,at~on oonta'n~ng 8 p.p.&. ~ol~bd8n~ tn 0.41 N 

pa~o~~orto aotd. Po~a~og~aaa ware rooord&d wttntn an 

t.ot6T' o;t t ilofl add 1. t ton o..f t I.e a a L i.avla l.d o;.::l.-a reagtm. t o 

Tt:.eae pol.aroiiT'CmB ~ue b~H~n reproou.ooo in fLgu.res 7.1 

to 7. 5. A a too ~{Jo "L 1. o v I. a 'j,.._"t e;z: i.n.e o on o en t ro:t L o!l was 

i.noreaead ~~ ~~· ~owe~ va~u~ (Jtg~r6 7.5) t~ wouB 

l.HiOCUiU.I btitter deve~oped (.ff,gure 7.-+). AdcHti.oo o;t 

ju.rther aolof..OJJ'taki~\.l.'le p7"odooed a 1'4Y.-:t:t.•um~ ~rn.a b.et~nt 

o.f th.ta na.:..~'i.RLD f.J'\07"6aaed pr-OQN.~satve·~LJ ae t~ so'tt.ov'l.o~

do;rt.ae oono(mtrot1.on at'laO ~Rorooasd above 0.03. Th.e 

~~~-~ roaohed a ~tut.ttn~ b.eig~t on t~~ addtti~~ ~ 

o.2f{, aald,o.,.l.ai,d~ ..... e . Tf•e a..idttf..o-"1. o.t .,~H·tft.el" uaiot.OJJloa.~

do.:r;1.ae h.Gct r.Q \.1\(1-t•ence on t~e Q.Q..;~:t.~ua. 

Tbo oonoen t '"" t \.on a.f s-:1 ~ t.v!J l.a Ldo.-:i.ao opt t;w.U8 

jo'l" a. el.4ttablv-an.apad 1oo.vs l.VQ8 .:owld to be depwnclant 

upM tt.e oonoantrat'Lon o;t ttw peroh.tor•l.c <:wki. A atllli. l.ar 

s.oerte$ o,.f po~a.r'ogrums ~sre r~oord€d Jo,. J. !eat aoLu.tton 

o on tatnin~ iU.,.f.f~rel1t OOl"ct>n-c rat t. onR a;f sa ld.ot;l.o. ~do.x~Q t.n 

a teet ~o~~tt.on oOAtatntng 8 p.p.~~ •oLvbdenr~ and 0.5 N 

... . 
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oonaeiltT"at,on. c..;m(Je::'JE1d 0.0.3~. ThC.8 va•!»e La grooto,. 

ttoa.n t.f\e aono~mtratton tx:~.1u.e o;t o .. o~ sattoiJC..ukloxf.m..ti 

~~- obto.i.n.ed bi.i tbe CA<kHt&.<J.~ o..t o.o.;.~ ~oaow6.at

do:~:t.a• (.ttfJu.ra ? • 2) teo. a e;, f.m \. n.o.tirl bfi a. n.o 1"ac.is (.ng tno 

doxi.t~~J oonoen.trotf,Of\ on the 10ave lllaB dotoN1.ned DIJ 

e..:ooa~nt.n;; thc:l b.Bi.~ltt a.f tl\.:; JL)300 at -o.6· vo~t. In 

a.ddtt£.on to th-E:~ pi·Gviotu reooY'din"c ;tor- 0 .. 41 N pe7"ot.~o,.1,o 

a.ol.d, po·~arograau l.CerG ui.so r•eoor-d0J J'or t'-:8t eoi.~.tt.tor•a 

OOfli~!li.nLng 8 p.p.m.. Jlo f.n 0.73 N paro~·l.ol"ta ao~a and 

J~~ 0.004 to 0.45% sa~~oy1a~a~taa. T~ ~atgnts q/ 

t~e wa~ao obtat~ed were p~otted as a J~ot\~~ q! tbc 

t.no rGaatf~Q nt.J l.f."IJ ~a. "Ld u.;ctme cono ti'a traCt on. Ttt,a above 

dt~termtJ'klott on a lDsre pfn•,tomed b'J t~e. odcit t t.on of siMbse-

Ftgu7"a ?~6 ~-ue l'"eoordad jrOI& a teat eo~u.tt."n 

oonta1.flt1•'-J 8 P•P•"• IH.il.L;2.lJfi11l.~ ~n Oft75 N p€iToh1.1')1"'1.o ao~d 

and O.!).r~ ttalrt.owl.al-doxtae. 'l'hd,a wave ta tcieail .tor r~!.pl •. t 

''lht I .L ,. 8/ •••• 



WAVE 

HEIGHT 

IN M.M. 

1'1.0 

GALVANOMETER SENSITIVITY= I 

100 

80 

60 
4 5 6 7 M INUTES 

0 /o SALICVLALDOXIME ( X 10- 2 ) . 

+ORIGINAL H C1 04 CONCENTRATION OF' 0· 41 N . 

· 0 ORIGINAL H C1 04 CONCENTRATION OF' 0 · 73 N, 

8 · I EFFECT OF SALICVL.AL.OO"IME CONCENTRATION ON THE HEI G~T 0~ 

'THE WAVE . 

~0,---------------------------------------------------------~ 
GAI.VANOMETER SENSITIVITY = 

WAVE 20 

HEIGHT 

IN M.M. 

10 

0;-------r------+------~----~~-----r------+-----~------J 
0 60 120 180 '2.40 ~00 360 4'20 MINUTES 

TIME AF'TER SALICYLALDOXIME ADDITION . 

8 · 'l. EFFEC'T OF THE AGE OF THE TEST SOI.UTION ON THE' HEIGHT OF 

THE WAVE . 

FIG. a. 

FACTORS INFLUENCING THE WAVE HEIGHT 
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GALVANOMETER SENSli\VIlY:: ~ 

I DIVISION = 0 · I VOL i 

APPLIED POTE:NTIAL VE:PSUS SULPHATE ANODE 

FIG . 9 

EFFECT OF AGE OF TEST SOLUTION ON THE POLAROGRAMS 

FOR Mo 6 + ION. 



FtQu.rae ~.7 a.n.d 9.12 Wtl,.~ eu,Jil ~aoot•doo 1.) tl.ou.?•a etAob~a

QtH":'~ ;," to th-e a<J:J l. v f.rJ'' ~r the l!frll. to:~ 'i,Q. ?,d~t.:&a rea~~.mt. 

Th.e toaVGi..,. t.n. t 1~oeae aol'lroentr~tt~l.s o.i peror~r~ol"f.o) 

tl•Jtd and or.ittaul.o.!do.xi.me u:·t!l"'B ulH~tubl.a wi eli. reooe.;t to 

t't,aa. :1ih,(J i;W..'t:~/A.Uom tt:m,-ie!J to Oi.Oa.ppeo.1' (.f1.Qlt#i"~ID !).1 tv 

·~ .. 7) C*lk1 t~&e !D( .... v~ b6or.l.llu~ w.a.~J .. 01"1nod :Jll- et:a.n.dtn.{J t:fiov~~ll 

).8 to 9~ 1 ':.'). f:J~st ~o.r rti8!i~tl! lDb~~ obta!.ned u:fle'th.er-

t~e v-:A. lr tcw·l.a !Jc1o.::tmo f'ou.(,~at w.l.B d i.B 8 c 1~.>oo t,.n met !\ano it or 

t.n ath.rlnot. T"-d ~Gi.Zlt.t C\.." ;tH:; rYduo'i,.t.on ~ve .)rcn !J.,l 

r.-~p.1i4. illo f,n 0.·~ 11 pa. ott.l.o.,..to a.ul.~; r.1J'-d 0.05~ ea~tov't•(}i, 

cl~!.mH JDGI! pt.ot.'ted a.Q<ltr~8t. r;'l-6 :·t~Oof"''J:.n" ttnt~ (.ftguN 

8.2). l"'I.H flut.gM; c,/' e~61 WUI.> tJ ta<J.S ,tOU.7~ to deo7•9Q.R8 I!D'\.tf\ 

tt.~& ~t J1f.'trt, tlJbd tf~n to Cttfu,tn ~ OOTh'JtO.llli va.'-u,e. 

Tit t . .e t',e "g\\ ~ t. nato.b1. l•t t !I oo;-, ,;,.,.. ;·oo du. ~tn;.1 t t.~ rao o l'"'d t.r.g 0..: 

ftf)urt3e He1 Glk1 8.2 tc"f1t'lor, :.r ... =~~.o,lt6d tt-"''t t~o w.'IQ.vB 

!\at g~•t tnor;;:u.sed wt ttt. t t\o ea.1. 'i.OiJl.o. v.io .. ?;tme oon•'AlH rat t.on 

uz:, t.o ~'l'\ oplif,.ni.~ t'JLu.~, anrl tt\!;t th..are.:,.,,tt~r ttle UJ~1.00 

~E~t9!1.t was prota.btv tr...-5ept1:~e-.t o,f' tlt-6 aa~ ~ot,•Jt1. ... 1.cioo:t.;&.8 

oon.oer.trutton. Tta.e ~1-~~i..a:r' Dal.u.ea obtr,.tn.ed .f'o~ 0.41 N 

~ o.7J N p~:~ .. l)t,1cl'l.C G\1t.d !.adi.outt~d ,·no.t t.!l.e •.ro.!la 

h.etgl'tt wu~ a~ao "r~jep8ndant o.,f t.h. .. e o~n..-;a S-1• tl:.€ 

pt31'0~·L01"l.<t ao1.d oonotsntr:.o·~i.on (f~cJU..,..€ n.~ )u 

Po1.<}1'0Q7Y~~8 tcr..rtj rf~oortieti {$t i!Ui. f.ab1·e t t.ae 

t..nt~rval·a j'or 8 p.p.~. 1-.ott~Mem.Mn 1.n.-

(1) 0~4i N pe1"':l h. i, o :-o"L o Q.t) ~d o.nd O.Oj.f';b Bll1t o iJ ., . .l i,d "zr~~ s , 

(~) 0.44 ii pe.,.oh.lo~'L.o -.oi.d U.ilO 0 ·'-"~')&; sa~f..o. l.~l.do.;et.~ 

0' 0 ~ 4.!) N pi!'! i"'!J q, lt 0 7''1• 0 llO t~d and f., .. (s/~ ea. I. t.o t/Lrll.doxt~g. 

Gnd 

!lu:uee .cl~ 1.-o h c Otb t.a b~ u.e oo J'or- h.et~ 11.t Jl&Ja,s urt:.m87l t a wa NJ 

obtat:-l.t::td o-v.ar th.e .to.'.~ot.'~1,l1g t~me ir.terval.B a~~ba~qu.en.t; to 

.::f<l t 1.o!j~G 7.doxi.m.e add t t i.. or11: 

(1)/ ~ ..... 



(1) 0 ;o 20 a£.ilutt36 
' 

'""' iC.) 1 ·~0 i8 ~Ol.P".tl, a.lrd 

(5) .., 
c. .. o 16 h.Ofb~·a .. 

o on·:J en t rut t. on. IS~ 
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!"'flo e.f./'LCl!~:m~:; C,f tft.'J bu.j'.j<OT'Zt UUG <ieturn:.~;;~d blJ f1'BQ!.H31i~ 

l•aa o;t r.' pH 7i1Gtei" a.n.J tt'='-8 J'\'~;;,ild ·to !is ::at!,BJ'aoto~\J• 1'~e 

precan.co o,;' ttvs bu.fferg did not ~·l\fZ.~enct1 th.a J:iOl.i/bdenr.a 

ttatHJ. Jdor..t t,~\1.1. 1.:'\:*t~<!lc l!'J;"'O f'ooor·~e<i wh.sn ~t.v ~u.f./Gr U'wfJ 

ed J .. o-:-- t h. f. a r;,n(J~' o.r· iJO Ld~. t t El8 t\.::r.ue O"!t.?!l ~ulVl<:.i·1. sed 1~~" 

~'ab1t 3 .r .o :'fft/9 liJOt:3 h.~t.~il-1..7 (tn. ~.~.) U)or>c rcooi"dr-d pr~c~ 

to t~o a,:jdttLoll Qf ('Oi.c.tt.r:, ~rh-o Q~i,m.~or.cr,~eter t':~l'!.f.l~tLvi· t!:l 

~p1od~d W~3 1/10. 
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GALVA~OMETE:R SENSITIVITY= 5 
UNLE5S OTHERWISE STATED 

q - O·I -O·'l - o ·3 - o·4 -o· 5 -0·6 - o·7 - 0 ·8 -o· ~ -1 ·0 -1· 1 - 1· 2. - 1·3VOLTS 

APPLIED POTENTIAL VERSUS SULP~ATE ANODE 

THE. TEST SOLUTIONS CONTAit.l 5 p.p.m. MOLYBDr'NUM,0·05% SALI CYLALOOXIME, 0·08 M. 500IUM 

ACETATE, 0 ·015 °/o GELATINE AND THE FOLLOWING ACID CONCENTRATIONS : 

TEST SOLUTION 10· ) 10· '2. 10 · 3 10 · 4 10 · 5 10 · 6 10 · 7 10 · 8 10 · 10 
-' H CJ 0 4 NORMALITY '2. · 5 O · '2.5 0 · 2 0 . 15 O · l 0 · 05 5ll 10- !> 5 X 10-4. 5 X 10 . 

H CJ NORMAl-ITY 1 0 · 15 0· 14 0 · 14 0 · 10 0 · 09 0·08 0 ·08 0 · 0 5 
pH I · 0 0 · 9 I . 2. I · 3 I · 8 2.·5 4 · I 

fiG. 10 

EFFECT OF THE ACID CONCENTRATION ON POLAROGRAMS FOR 

Mo f>+ ION. 
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GALVANOMETER SENSITIVITY= -k 
UNLESS OTHERWISE STATED. 

II · 4 

11·5 

OV -o-1 - 0 ·'2. -0·'3 - 0 ·4 -0·5 -0·6 -0·7 -0·8 -0·9 -1':'0 -1 · 1 -I · 'Z. -1· '3VOI..TS 

TEST 

APPLIE:O POTEt.JTIAL VE:RSUS SULPHATE ANODE 

THE lEST SOLUTIONS CONTAIN 5 p.p.m. MOL.YBDE:NUM, 0 ·05%. SALICYLALD0)(\ME , 0 · 08g . 

ACETATE ION PER LITRE, 0 ·006% GELATINE AND THE j::0Ll.OWING ACID CONCENTRATIONS : 

SOLUTION II · I 11 · 2. 11 · 3 I I · 4 11 · 5 

1-1 Ci 04 NORMALITY 5 )( 10- 4 5 '( 10- 5 5 )( 10- 6 ~XIO-l 5 X 10- S 

ACETIC ACID NORMAI..ITY 0·08 0 · 0 6 0 · 0'2 0·004 
pH 3 · 4 4 · 4 5 · 4 5 · 8 7 . b 

FIG. II. 

EFFECT OF THE AC 10 CONCENTRATION ON POLAROGRAMS 

FOR Mo 6+10N. 

I 

I 
a 
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1rnorea.aet.l jr~ 0.05 to 1 • 0 JJ .. 

~ •!) 
I I • 

(2) Ttl.o ~WL[nt ~f botn tn..- pre-wo.l.~Q and t.ne 

( -; , j 

Th-e/ •••• 



{ l + 4 "~I ... \ " .. on ro "' .. o \.J "gu 1·e , , • 

J:! :J.'.!:.E: ..)-~~nt~t~-aL r<t;7'Qit;c~.OP-~· 

Ra i.~h.t (21) 1•eportcd t ~\a.t t 1'1.6 fatJd?'OQ01l "o"' 
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A~~quot~ ~ nod~~ p~~o~1orate, to ~o~e~ the 
··6 r-onge 4.5 x 10 to 2~27 U· pe~Q~lorate t~ pe~ ~itre, 

we~~ addod to G teot ao~utL~~ oontatntng 4.5 P~P·•~ 

~a-oLubdanu.& 1-n 0.04~ eal-tOIJi.r.z.t.doxt.•o a..ld 0.05}-·'J. N '•Ltdro

o~~orto act~ (vida s&ottan }.4)~ ~~e po~a~ograaa 

~~n~ r;,t'tia. tt-4: .f"ndtnQs o.f J'onae (30) wh.o atatt.Jd t~~ 

oodtYM pa~o~lorate pr~luo0d G o~t•ar oGtatvtto ~fsot 

u.p~ tM 1Zlo1ubden.w:.. l!JUVe to t~t pi"oltK:oo by pero"lor&.o 

aotd. 

ba trv4taanooo p'r'o~J"eeatuot.u b!J tt-.o pt.rrot•7-or'Gte "-on QOT"l

oentratt~. At ~eat~~tb'~ peron•o~ate ton conoantrat~on• 

ttJGlH3 to b~ f.,nocaptot•1.ll joT"i/.a.ed. In t tic pi".sMsnce oJ 0. 23 M 

sod1.ua paran1,ora.t• t~c wnvo obtatned (.f'l.ou.re 12 .. )) t:JGn 

tll>u poro~torota oonotmtJ"'O.tton aotH.e~"'t\ld 't~" wa.tHt ~" a 

aanner ~B~o~ 'c oppo8tt~ tR Qctton r.o t~e ~t~~Jtoat'~~ 

prtrJ'"'ed bl/ an 'n.oi"'!:l<.f!e i-n th.f:l .sa.ttoi{~a.l.do.;ctaa43 oonoen:tN.L

tton. 8ui.tabl.e di.efj'Uef.on o~r:--ljnt Ql'"adtl:ilnts oot~.W be 

.. ":' . 
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GALVANOMETER SENSI,.IVI,.Y ~ 'f; 
UNLESS O,.HERWISE STATED • 

EACH POLAROGRAM IS LABELLED 

WITH THE ORIGINAL APPLIED 

POTENTIAL. 

DIVISION = 0· I VOLT 

APPLIED POTENTIAL VERSUS SULPHAiE ANODE. 

THE TEST SOl.UTIONSCON,.AI"-1 'THE FOLLOWING CONCENTRATIONS OF CJl 0 4 - ION: 

TEST SOLUTIONS 

g.CJ 04 ION PER LITRE 

I 2 · I 

'2. . 2.7 

IZ -'2. I '2· 3 

0-4-5 0 -'23 

FIG. 12. 

1'2 · 4 1'2.·5 1'2 - 6 

0. 04-5 0·005 4 . 5 )C 10- + 

4 ·5 'JII0- 5 

4 -5 )( 10 - 0 

E.FFECT OF PERCHLORATE ION CONCENTRATION ON 

POLAROGRAMS FOR Mo 6 + ION. 

~ 



4.7 

l"'~t'- 8 1 -·p· .,f' •tl "'-• !!;'; '··'..1 

ea.oh. s~rt.t~a, tr..r.t .Ji/,'1.£.sf.oi1 ur_.rt·em.t gra.dit:r~t O€OOJIH1 Les9 
' 

• l 
) . . f ., I~ 

... ·.-



< 
E 

~ 
.... 
z 
w 
c:r 
cr 
~ 
(J 

r- -

I 
GALVANOMETE~ SENSITIVITY : 5 
UNU:SS 

OTHERWISE 

STATED. 

-- ...._ . - ---

ORIGINAL APPLIED 

POTENT\ AL. IS 

·0 · 4 VOLT. 

I D IV ISION: 0 ·I VOLT 

APPLIED POTENTIAL. VERSUS SULPHATE ANODE. 

THE TEST SOL.UT\ONS CONTAIN THE: FOLLOWING SALICYLALDOXIME AND PERCHLORATE 

ION CONCENTRATIONS : 

:rEST SOLUTIONS 13·1 

9 . Cl0410p..j PER LITRE: 2·'Z.7 

% 5ALICYCAL.00)(1ME 

13 · 2 

Z·Z7 
o·045 

13·3 

2 ·2.7 

0 ·12. 

13·4 

0 · 45 

13 · 5 

0·45 

0·045 

13·6 

0 · 45 
0 . 1'2. 

FIG . I3 . 

EFFECT OF PERCHLORATE ION AND SALICYLALDOXIME. 

6+ 
CONCENTRATIONS ON POLAROGRAMS FOR Mo ION. 
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pero t.tora.te fl.nd 0. 04~; Ra C. !.o iJ 1tal-dc;c {.a<i. Tl\e rea.gen ts 

w~e..re aJded £n tl\e above o~y_L6BT•<h9. Th.a poi.t.l1"CQJ'~''H' 

w~rt! r>eoordoa .tr-az& u.n Ln1.tt.a1 potont..'La.·• o;f -0 .. 2 ool.t 

a.n<l ~;o-w r~p rodu.coo tn ft.tJW.l"-.:i 14 e 1'h:t1 gra;:-h.s ["k!O: a.n 

tnttialt :Jt&r·~e;d; ~n.orco.a~ Chl.J.8'3d b~,: anodto mera•J..~"l!. and 

tho ~r.>ol.t~bden~.AJ~. wue r-e\1u.coo tn two lJtr~.;.se. 'fne oecort.tl 

:.li\d £rct""OB1"' IM.me L?UD rl1.e 1-0t'"i?..i biJ a tm·_J~ ll;!l.XI.r4~ WW1l 

the polttH"ograa u;.a.s rauc.rouJ ,fr'c:li1. a J~~nh~IJ pre.rx~~"OO 

~oi.utit.Jil, (J'i·CIJ.1"6 'i -1.1). 'i'l"t'LB i:k1-X1.m.at>a 'je!'lT'r~aRHd on 

at(.}ndtnQ uVf::r> :K' •nn.t.tea. Ti\~ ~t.ro.t.a on tfl'l.B wa.t~tJ uuc 

t. lurre~ftt31' ui r t.t.a" l· y t..' on.~na.n t. ,tvr a m. ~ n t.~t~ '24 tt o~ r 

pe;,.·~oo, (,ttg1J.1"9 14.,<). Fo.,. tiH-; oono~J:-•tra.tLon c.;J ual.tovt

atdoxi~~ e~o~• tt~ ~t~~ dLd not dtea~pcar Q~t~re~~s 

Th.e heLgh.t oJ' batt• th.e p'~"'r;;~ ll\,.ve c:1t ~{ • ~4 voL.t and m.a1.n 

Wl."lUe at-o.,7 vol.t r~f;~~''St.HJ!:..J sl.!.gh.tlrw ov~;.,. th.~ pta·tod 0 

to~) mi.nu.tc;e ~ubstJ(•J.~llt to sa.l!··,o.,t-u~do:tl\-e ~ ... kht--f,,-,u. 

Botl\. trove t-.e:.Qilt:? w~rti ~OICI':IVE<T' oonlltal'lt ,for t,)~e .cu.c;.ee

qafi.lt 2 dC!.V pert cd. 

Th.~ age <.\• t~..: s::;.tl.ot,(L~l.dc.:ctc:.,.,: r..>.:lt'Jflilt cH..; 11ct 

!.n.fi.u.f.:Jno.:: th.e s~lGpe 4f Cl\t-. J.., ,,'f,af'vQra.z~a ottu.,llc;CL I':lt''"•tl.oat 

po I,r;.ro"r·~a :.c~T'ti reo vt"d.,·d ~rr·oo ,J'N:8 ~ i·\1 r= "uprz. ""6d <..~or.o two 

Wt.ai1: otC: eo.Z.t.cvLa.~cJ~t.nHI r-~·..Jr;eru, pr-:vto.c; tilt:; gr-r-'~ · tt wtlr-EJ 

1-aoora~;d \.l~uwcHatetv tH~btH •• ;.amt ... o tt-..€ o...i ':;;~tl.M Oc.f th,(., 

eo. Ho t/l.~ ·:ri tXt!~ r•Jt1.; f'7. t • 

Tl'hJ ''o1 .. Jor .r:r-am WI.J.O obaer-v~J tt t1.f,1:,..,.. t\!!~nt..r 

tct.nt ut,l t!'h...:.n tr.t: t~&Bt ,.cLJt'.cn ~.r.aa C.i!)v •3~;e •)Ltl. Tlttj 

tc. ,..i.J e,. IA:l.DE; too. e ob:.; t-.- r-1; t~d to j i lJ '-•1t~ \.tl t ,:; two ru· \l.;o t i. o·l 

ata.ge(j l.!i~'.+7"0 14.5). 1'h.~ !'!Ell:' ~.l~t3 ,·c.;·nH::.t.. •IJ(~8 r~1l.I l ... , ~o 

tt.Gd a h.a~.i'-lJO.Lti pC~tt! .1t'i-.1.t o.l -: M., 1..-c"t. ... ~t.- '!: _.tc;a. t'.t,LI)I'~~ 

C\. ... ,r-~gu.re 14., «SoB t.'l .. nt'!.cCl~ to tlw.t uot .... ..,r. .. ~•i •. or ,/'t~t.~ra 1 

'·1 ~J ,,.r.,a .. 4. 4 \lor.d t,n.r.H.cll-t>7d t.'lvt tfat; t)l.l,rb·)..,.r.an r·~.Jc...ot 1.::n 

h.a,.j dtuL.:il3(1 f.,,t,o L r.r<b'H .:.t1~e"'• 
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GALVANOMETER SENSITIVITY= g. 
ORIGINAl.. APPI..II::o POTE:NTII\1.:.-Q· Z VOLT. 

I DIVISI ON:: 0 ·1 VOLTS 

APPL.IED POTENTIAL VERSUS SULPHATE ANODE 

THE POLAROGRAMS WERE R~CORDED AT TI-1E FOLLOWING TIME.S :SUBSEQUENT TO THE ADDitiON OF 

SALICYCALDOXIME; 

TEST SOLUTION 

TIME 

14·1 

15 MINS 

14 · 'Z. 14 ·3 14 · 4 14 ·5 

36 MINS 80MINS 27 HRS. 2 DAYS 

FIG . 14 

STABILITY OF THE POLAROGRAM S FOR Mo 6+ ION. 



J, 6 Sta.ell\~u r!l20ttgtL...a.~Q!\Qr.~:z. 

A stud.: c.f th.e uor~.ntto" oJ' tl\e ol\araoteri.sti.os 

o.f th.e lJatW "S.?t.tf\ ti.~ reve~1-sd t:rat on atGndtnQ tl\a 

noo:tm:a ozM.bt.ted a prc{F'i.Jets~vc trend :o~ic!l u.:o.s sf.uo.t.Lar 

to thc.t obt~tned DiJ a decr-€:~~ae t,1~ t~o lHl1to~/Lol.do.x~llS.e 

ocn.oantrl.ltto!'l. Th·G aaat~r~ptton LOa8 rl&\ldo tl\a.t th.a 

d~c~eaae in t~e h~,~~t qf th6 ~L~~ ~n oauaed bu a 

deo,..Gaae '£.n -:; "c aa 1.1.0i/Lo.t.dc.xtl:l3 oon.aon. t l'"G t t. on wt t t. 

'Ct!..\61. !l'M.n doorO\liJO was pcBstbt~ co.ueacl ov a. s1o"' 

)'«Jc..otton u-r.&n tt-.~ perol•torto a~Jt.d. 

!l.'h.o a.;sumptton wc.u ten too b~; th.o ~c"k ~cwtng 

teet 8~Lutt.ona c•O" .. t':ltn:.r.g 8 p.;-.,,. uol.lJcdcnw.l, 

0.036% ao.l.tout.atdcxd . ..aa ar.d oonoantFation <if peroh.l.orta 

a.o f.d JAO re J!. 1,:; t e t ~~l 0. 1 N. .:.~ :;~ po l.c-7' c..~ rara a ob tu. tnecl 

~vo bes:'l ; .. ep; .. oar..:.ood tn cttc~rt.1 15. EGCil po~a.roara~~+ ts 

labe~~·~.~<J l'tth t!':.e ttm.t~, t.n 13!.n!..!tee, at !.:)~toll i.t ~s 

ao~r-a.epor..dtn~ to tr.::J ;;ff ;--Gn.Qe 2~3 to 4.J (.}Lgurae 15~; 

t~ 15.5), wera st~b~a Jc~ G ~~ntm~n par~~ c~ 320 ~tn~tea 

.cu!Hj.Vqu.ent to tr•e oa1~,Ji,~lrll"di.)Xi:t.e .:1.JL1ttf.cn. TJ\e .;ra.ot 

~h.ai.. tf\e 'LX''"VO.! wsrG ~tu.:O t- e,fo r- a p::-aatt,o(l. ~ pai'f.CYJ 0.: 

~t.JI1.a}'o.t t"ssa l.c.!.?<.:n· aor.a;,th;c ::.n~.to~A.~sd tha~ t:.e abo~,·~ 

a.aaumpt t v:l pro:O.:l:; •:~ ~ .. -':lc L'c.t t..d ~F·oal:.Je. 

Tn.e/ .... 
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GALVANOMETER SENSITIVITY :: ~ . 

-0 ·3 VOL"T 

ORIGINAL APPLIED POTENTIAL :: 

APPI..IE:D POTENTIAL VERSUS SULPHATE ANODE . 

THE TEST SOLUTIONS WERE AT THE FOLLOWING p~ VALUES : 

TEST SOLUTION 

pH 
15 · I 

I · 3 

15 · '2. 

1· 3 
15· :5 
'Z.· 3 

FIG . IS. 

15·4-

3 ·3 
15·5 

4-· 3 

I DIVISION = 0·1 VOLT 

15. 10 

I · 3 

EFFECT OF THE pH ON THE STABILITY OF POLAROGRAMS FOR 

Mo 6~10N . 



Ttl.e 1.noonaf.eteno" o.j t~.o reaulot.s rap~odua~ 

f.n jtgu~~s 12 and 13 was ezp~a~ned tj ~~ts aee~ptton 

~l\~ oT"dtH• o,.t t 1\a a.dUt t ion o.f t il'3 I"U~gen'Ca wa4: Aoid, 

perol;.loorata ao,u'Ci(.)(~, zaT.\.ciJ~'"·,td~ct~fl C600 J"irta1 'tiJ th.o 

aot,Ltbtia~o !.one. Tt~O QPO.p~ .. t.Tio .:l·\gu.ro 13 11.i.ST'~ ootatn.ed 

r .s./ 
~I • • • • • 
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T~e oo~o cbtatr..oo upon tt.e Qdjttt.on o.t 

0. 01 ~ eal•tcu~a7..d~il.'lc to t ~ .frgaf)'£.1.1 praparGd actd 

kJ<)'ttJOOC't<i aol..u.ttcn 1-~~Ga be ·rt. r-t:.lprod~ocd tn ftgu.re 16.1. 

deo~posad o~p~~tet~ wnan th.e aa.me ao·z,~t ·ton. uua e.:::am.Lned 

twa l.i)~ atnu.t6a ~ot.~n· (.t·Lgu rra 16. 2). On tno7"EJaoing ~ M.l 

o.o-1 to o.o~. 

~ddt t 1. on o.f t h:J a a.?.. i.o ~!·a Ulo.l:ir'\oO. T!~a pc tarogra.m. cot a ~ned 

(fi.gt:.ru 16.~~) r€:;•3..:}1.::1 tl-.. -:l~ th.u QI'!.\P~• h.arJ diufrjoc1 tn•t·O a 

ooncontr"t~or... 

A l.1.ouota/ •• -. 
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GALVANOMETER 
I 

SENSITIVITY: 5 

1..- - I -

ORIGINAL POTENTIAL.:- 0· 4 V 

I DIVISION: 0 ·1 VOLI. 

APP\.. IED . POTENTIAL VERSUS SULPHATE: ANODE . 

THESE POL.AROGRAM~ WERE RECOROE:D ~!?OM TEST SOLUTIONS, CONTAING Mo 6+ IN 

H C.D 04, WHICH HAD STOOD FOR THE: FOL.L.OWING PERIODS: 

TEST SO L.UT IO NS IG·I- 16· 4 

AGE OI" ACID 

MOL.VBDATE SOLUTION FRESHLY 
PREPARED 

FIG. 16 

16· 5- 16 · 9 16 · 10- 16· 13 

ONE DAY TWO DAYS 

EFFECT OF SALICYLALDOXIME CONCENTRATION ON THE STABILITY 

OF POLAROGRAM S FOR Mo 6+ ION. 
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AH,qr•ote uontat.ni'lw .. ~en 0.002 to O.:J9,i a.t 

sa:.~ov~(~l.dox~~fi weril aaJed to t~e ao~d mo&.w~3a.te 

~o~u.tt.on (ao1ut.f.or! II) pr'!?'p.J.rad on. t4>a preav\or.Ja da.v • 

.E:xa&pl..!-Sc o.t tl\.e p~lro.n;Q'f''Jli'H> obta ~rtt::~d ~~t'o been 

rep1"'-'Xlt•·ced tn J'iour~~e 16.5 to 16 .. 9. Tile wuva tr:le 

1-noo";l.r~.;-&!41..~ (l~:We~opad td+o:n t.h.e p::>'l,t.l~~kJ7'"a.;.n \ru.B 

T't100i'dE>d f..J>Wed ~a.te'Ly su.b8!Fji.Ment to tno u.dd ~ ~t.on of 

0 .uo~ sa.~ f.o!JC..al-do.ll'i.r.;.e, ( .. t't~urc 16.5). !f'b.1o rodt.!.ct ton 

COO.iJeo w•Jrd •. ,bta,tned wn~n t h.e cn1,o.rog7'um wae r~oN•ded 

t.rr~oaedr..at.:;'Lv a.,f"te7' tne C\Jdtt~on of u.01% f;Gt,tov1~t.c1o.:c1.~8 

(J"i.IJ:..r-c 16.,6). TP¢e h.a.~.f-l&O,tHl poton.tf..a.l.a o.f ·J;~e ttoo 

~rooveo ":e?·e td~nti.oa~ lDith. th.e vo.l.u.ee obta-;n.oo ~n 

j"1.~'J.7'e 164·~, uert.jv:t.n~ otat~eni (f.). •n*cn 1;1\~ test; 

eol.utton ountatni.nQ 0.01~ aa~i.O!Jl.a~doxtM.e IJ>G.6 rocol"ded 

75 Q.!.ri-1..4 t sa after t t\.e au 1.t.o 1Jl.a.t-dl).:,m.a add 'i. t LOT• (.t~~to~.t'e 

1 6. 7), th.e 10'4a.xi.4.....,. o.f t h6 /'t.rat wave d i- Aaopoored and th.\3 

sfl.a.pe o;f t~e BtiOOlk.i ~o.utJe r~a\.ned Wlal-w.r~e~ OV€f' th~a 

per'i.<.'IQ. l)l i,r.orec.o&.nQ t;h.e su&i.ov1·a1.d<J..rf..J:j6 ~ontH:liltJ'otl.or. 

to 0.01(:m) Gnd reoordt1~f1 th.e po1Jo.roaram (J~.au.re 16.d) 1 Lt 

Wfl.S ol.H.ter>vdd toot tr.e t,r~1·~.:;.a8 t.r• th.e caLt.ov'L·:l'l.do;:c~ne 

oonot?ntt'iltt.on i.)\/.,u.e'11oed ,the 11""i1"8t UJG.ve, ~n~t did n.ot Q.L-r.er 

tile EJ~A-p.; o~t t.fi£ aeoo~'l Wl>e. Tfl~se ~atter .:·t~1i.nga us~t.

.fted statt:JlhHl-te (t.~) o!YJ (t~t , . Ot: !.no7'aa~tn.Q tMi ~ll~to~JL·· 

a.i.doo:im.e oonoentr,:\.tf.oil to O.J8"X th.CJ 11\aJ:':i.m.~..a em ~i\fc~ .ftl~et 

lDQlJ6 (..,-fi()t.a.ro 16n9) was 80 i..u7'Q1:1 c.s t.o 111oault th.e Btioonci wave 

oosptote t•IIG 

Tl\.!.1; lHJOo~td waD~ bE~CetlH1 better devt·"vopt}:_. ~o~n th..e 

age o,f at•4.utt.on II llXlO ~T~or~aa.:J. JHC.]uota oJ' aa.itLo.t~a.l.

doxi~(i .fr•om u.004 to o.o:;% wert! oo._ieo to ~otu.t1.on L! 

p,.ap--.lrt:;d two ck\118 p7"~\Ji01-"Rl\;'~ l'XOJ~pl.a.o o,f tile po~o.r'Jl];"~ 

OOta. f.nf~ u,r•c r~p1'0dtHH:1.J '(,~ ., ... ~f}U..,.e~ i ':) • i () t 0 i 0 • 1 j, 

... 



F·tgaras 16.10 and 16.11 wore reoorogd i.JM~.ooi.at4111..1J su.b

aequa~t to t~a add~ti.on ~t o.oo4% and 0.02~ aa~'ou~a~

do:~me raepeottDe~v. Po~aroQraa 16.12 waa re~o~iad f~~ 

~~e s~e ao~atton as ~s uaed ;o obt~tn j\g~r~ 16.11, 

bat ajter a t1.ae ·f.~tEn·va.l. c.f 2G llt1.nu.tsa. Fi.gl.hre 16.13 

~• thB po~aro~r~ reoordad Jroa test •ot~t1.ona oo~ta,n

t.n.g .jr0114 0.0.38 to o.o6~ sa1-tojJl.a.1.dox~•e. J.'he .f"!.rst WC.!-'6 

~• i~l.uenoed bV, but the sGoond ~V6 ~~ indep8nd~t 

Qt, tna eal.~oul.a~d~1.~e oonoontratLon as bqfore. T~e 

di.f,.]"4.s1.on aurra!lt p'l,att-Jau o.f ttl.e 8 t3'"~roo ill(lV8 was batttl1" 

deve~op6d tn t~e ao~d 5o~vbdato eo~~tton tt~t nod Dtood 

.,~or ttw. ~ongeat per!.od. .Beoau.et1 o,.f th.te €-mprovoo dave1.

o~ent, aoou.r~te he~~ht aeuau.r~enta 00~~0 be ROde ~· 

j\gares 16.10 to 16.13 ev~n tno~w~ t~e ~t~ wad 

prueent. T"o tota~ UXlv6 h.et.Qfl.t waa .found to oa tn.dep~nd

•r•t o;t t~a aa'-toul,a.l-d~tm.e oonoentration u~ ru:oeaB c..f a 

m.LnL~ua 0 .o~. .T~e ~t~um was reprodtwtb"e .fb-r setHirGL 

t\.oure Ol'e-r the oonoentro.tton T"Qllbfe 0.04 to o.o~ so.~tcvt

al.doo:t&e (J,tg~re 16.1.3}. Ftgurea 16.9 ~1\Cl 16.13 w<;re 

i"ep7'odiJ.O~b1,e ;for a •i1H-i..ll.\ p~riod Qj' 24- r.oura. ft.ts 

8G i. i.-OL/l.G l.do.xLa6i OOllOE:Jrtt T'G t ton T'0.1l~C WO.t' 86~E:IO tc.-.:1 0.8 

betna; th.6- optf.~ua vo1ue. In thf..a rang€ t!H' wave:. wa& 

atab1e a.nd tltu ux:we t.ei(Jh.t tndapoooGnt o..f tt.c aa1L.oL;Lat

~ooz:i.ata oonoen"tra.ti.on. on por.fvrmtn~ tt•a a.na~I,IBI.B upon a 

two da.1,1 o·~d t6Bt 8CILu.tion, a. pol.arogrw;~ I.IXlS ol:ttat..ned tar.-t.(.,ll. 

was wa"V 'L outtod to h.etght. ~meaau.remt=mt.o \IV~11 th.oi.4~fi. a 

~x~~ ~us pr&aont. 

~ Lt \.!!tP~g.tk2fi u! t: !l.~ 9:Q!£i<!4!e. 

Att~ou.g~ ttl~ t &at so1""tt,{Jn. obtat,nroo ov 0~6 wee 

d1.~f..et£.on o..t th.e ptant ac,ttrtr_.t •:\GV weL~ stand .tor 1-ungt,,,&/ 

periods prot or to poLarogra.pM,o a.M.l.JJBttl, t~& trwot<pora.tton 

o.f th.te sta9e aa a.n in.tegra-.1 par-to.! th.e a.J)ai.~ata prooeo

a.,.~ wae aonatdere1 too l.angt~IJ. A 1.1\eth.ud whtoh. produ.oed 

a/ • • • •. 
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a po'La.;'ogrom. "ooep01v1ent of t~~. c.Q~ o.t tt\e pLant 

so1.u.tt.ou VXlB requt.1•ed. Por nt....oh. a pPco~dtJ.7'e) P"..e 

1al"'"e Ga. 'L i.q; 'Lo.l.door.t.~aa <.wrwt:<n t rat t. en noo o ava. J'il .tor 

th.~ pr·O<nwtior. of 11. atc:.bl.e 1xwe proot,.oed a, iJ.o.:~t.~t~ 

wn..;:.c; 1\ nadt;; tw ·~gf·H; RtJc.su.,~o:tt;·n te dt.t.rtou ],t.. Tlu.> tJ ~tm.~ 

1.oot.i.on of th·'t.8 Jlll.(l..T'i.~~ wo.s t~ · e,jcre L.nvuattga~ed .. 

In apl,t6 c.:' e;ctcno Lve oxp-:;pi,::•onta tn th.ts 

J"'t.t~l.ds tt wu.a .f"ou,rk1 tll.at th.e m.~t.rti.lo~Q. could not be 

E>bi·ll:lL~""KI.t\c1d biJ G1lV ·oJ" tt\.e T'va.~enca nc,;r;m11LI •. tou.nJ 

a.f,f6otf;.ye 1.n t;l'.a l-1•t.er•llt.l.kreo T~e uddttl.!)n. o.t <!api.!··-

lta1'"tJ-a"tt.vo ateotro~wt~-JB a1ld non-~t~o1.f'<Jl.blt~.g (R:o~tlt.oj'.f 

(.?5)i 300 non-<~a.p L t lo.rv. active tons (TfaJJ"'<.ivclq~ (}_9)) d t.d 

n~t r~ffl.oue 1.r-..e a.a.l:f.llH.J.~ c•bta-:.noo fT'ull a. t~at eolt1"t'i.on 

oo~tointn~ j p.p.m. ~{.d•iJLxl€'nw:.+ t7\ (: .1 1! pdroh.l.crt.o o.o'i,d, 

O.) 11 soc'J~o~..w pa7'oh.ltc:"'at.e a.nd 0.042% ea.l.to~,ti.c.~Jo..:.r.~.m.e. 

Am.onj,)at tht: r~a.gbr;.ts a.A.-.am.tn.ed wfn·.:. o.uar oga:l'' ta ."t<A7•1.;:, a.o t.d 

l!*et~I;d, rea, ~eth.v~ ~i"'Ut;jJl rl'Jota.aetum tbioo~Ju.r.cte, auooint..o 

a.o1 .. d_. potaa8f,i!M ,J'f::li ' '~"iovantde, ta.an.t..o a.of.rJ, ot.trio ao1,d, 

o.r.o.l.t.c aofra arrl gu.tn ~1·o.bto. MoDt o;t trLa ,."'~a(}t:Jnts w~Sre 

wttt;.ou.t ..:.j~j€<l't. Ga1.o.t'i.1l !on uzoe3s cJ' Oe01% tHetortoo 

tl\u wc.v6. Tal'tart.c a..:>id, tn e.r.oees o;t o.c.?~ on1v 

part1.a.~ l.v deort;C/.FHO t h0 t•ol..{}tot o.f t t~ rr.aJ:l.nt~":l.. 

4-.. QwilQ~;.;.e~Q'l3i• 

~,~s ;J.bove ot•...at. reuc.l tl" j t.ll.~!.: tr~a :X\U v j'ur 

~OtlJ!x] .. ;mlJA i.n an. t4~eutroL· vt.e 'Jonta.~ni.aQ 0.1 N pc,•oft!.e:r"f.n 

aotu, 0.5 M sc.x-'iW16 pt:.rcl1-'-o .. c.to a.nd O.C4% e:al.t.oviro.Ldo:.ct~ 

t.:Ja.~l rtJ;.--r ::~;u.o !.b l.a w~ th. r'c·CP60 t. to t ililrl-'1.. Tt~H uxl.-;.)6 4-stgr.t 

~;s not .Jrl.-ci.oa z.z.v ... H:p.,mchmt '•Pci'\ th.fJ rt-c.~ent 0<.i1loor•1;ro.

t ·j, -Jno Ln t 1\ i ~ i~ant~a . :l'h.ts wat; e UJ..l8 (11, st ort 611 b 1; u. lii*o:;..r: ~an(.~\ 

w t~o !. o ft m.o..:1 a no o u. r,J. r.. t1 IH.t .. o "• t .Q!.f.>Q 1:11..1. ;o l:flll.e n t 6 d t..;~t L 0 u.1 t • 

Tni3/ ••••• 



Th.G rt~du.ctt.o:'\ wa.vw h.c.s prav"t.ou.el~ b€•m 

obeertted to pouec~a a. ma.;."~w.uas.. .Both. Msttt~e (4) artd 

Peo8clc (27) obaer•vod a ~tl.l.UJIIo 1'1- ~1ootrol.tttBo oor~

totntf\Q (i£trat8 !.ong,. ilettee (4) observed th.at the 

Zlkl-Xt.J!lum, obtain9d ~tro'A neu.t ?"a 7t o i.eo t ~o L!Jtila oonta ·~ntn" 

oonoentrattona Qre~ter t~~ 0.1 M aodt~ ctt~ta, ~!O 

not rel!lo'Uad DLI e:,·tfl.er- T'·itor. X··100 or gs1a.t1.1l.. Met.t6e 

(4) 6uot.ued a.n o.na1vats prooc,du.rf# tn wft."t.of\ a.n.a.1vttua.·l. 

naasurm.enta were aad& upon too wavee r.Hsto,..ted bv G 

aaxta.U&. In th.B oaae o.t tt'&-u abov-s e7~eotrv11Jte, th.o 

.to.,.. of t"e too.va utoa.B au.o~ t~t tt+s pree~no~ cif tl&G 

aa.;d .. -.ua ooul.J not be 1.gnorwd. 

[t WQ8 f)01l01:...ded tt.oi th,e !.HJB o,f t.:m fj'i,001':.ro

T, 11te o on.ta :t...l'l, (.ng p£n•o h. !.orto ao 1..:l and Ba 1t tov ~a. l,d ().!;tJSe 

wae unaatLa.f~otorJ,: .tor tn.e roooti.na dateNt.ootton a:t' 

l.Ol.IJbde~ t.n p~ant ~cte?·l-uL. Non.e o.f tl•e po~a.ro

~raph.1.c proo8durea cwatt.a.olre t1~ t~e L1~ter-ature 1ro.e 

azaatned, .,for th.e r-ou.aon etat.ed be.tors. T~e '!tc:lQtt~v 

p,.(jl.t.at.na.rJ,I aep<~ratton rt·.i~1..r-*3d ""endere·d poL.:~~·ogro.p!\1.o 

anai.J,Iai..a procedures too tti'I-•J-<HJ71RUJ~rf,n~ to i:J0 oon.t- .. der·ed 

w~el"'~ a. snorter ootortn..;:;t r-t.o p7"ooadui"€ W.'l.B Gt>•:Jot ta.b Lti. 

Bpeotropt•otca..etrto m.et;h.ode ;_"'or tlln d$termt..n.o.t1.o'• a;f 

ao1.1,1bden~ t.n pl.ar~t m.JotFJrota..i. :.oar-tJ atl-'<ii.;d (.Part II}. 



.. '7 
../I 

L.l.• ID..lll!l4LJ2~0Q(~f]LF·~ • 

An i";ro,;;.t.(.n-:lt~on o..f tfl.e l·l.t:3,.•atur~ rwvaa1.t1d th-at 

(43), E'"J•.ltlB, Pu;ovtB \'ir\(l Bea.r (44) len.d 8GVE\,-·a~ ott~ern. 

Dtet; al1d .BUlQ~&lJ (45) (4o·), P!J.1''>t.e a.n.d 1~tsr~c11 (+7), 

tlgcmt. to an a.otd s..>!tl#tir.·n u..f !N.O~iJC~l"1~tH,.. av!lt.(.;.t.:nr.g an 

,1!: l.f tl.. ";'1 1 !.) .; - J. 
!l"·"'a,.,~- ••'t.OOIJana.te~ l •~e Mn·· tor.;; prcJOu.oEY-1, r•3;r;.ot ~~\.t;•• 

/_. I 
l bO_r,, .. 

T!l.a/ .. "' ~ . 
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'reen ~o~vbdanua. merou.pt.i.dti i.n. d1.lrut6 <.\ot.d aol.ut'{,oi~. 

Th.o prcotpf..ta.te l.fJ t~an dLaoo7,ved . I>~p.._-;.,.. ~rio~J JJacli

u;or-th. (50) ro~o~";':'l>Eir'.i"ltYl tt'vs tLBC of f.t~o-a: .y1. a.oet,:lt~ 

prsotp~tata wf.th. b;.~.tv1. aootaea, L.it~t.tff j(~;.·£.e;- (55) 

rooM;Jlended bu,t.vl. aoatattJ cmJ oarbon t.6'ti"a.tJ!\to1"td-s. 

Wel.Ls and .Prm.berton (56) Gn<J .BaQe~o and TI':..WJ~t:••• (51) 

Hcwenoa (58) dtaso'bved th-e uo.'llp'l.~ ~n a. 1 .:1 '-~·tu.re o.t 

ataL.J t. a.i.aoll.<J 1,. amd at "-Ill. et ha ;,. or r, n. e:;r:tl~Je a ODWcr. t.a. Thra 

e...:;::trGoted r..ol.lli>.jenw:a. comp1..~.:c ll.oo a a.a.xtr.oJJlJl ab~orptl.on 

a.t 670 to o-90 ~(.. A m\.~d T'tidt..t(Jl.n.g a.~Gr.t r .. ~at; bii 

p1"~8el~t ~fo.,. OOf.lfJ l,8tf:"1 0 0 (,OiH' :.lave 111?{)l~tJn t 1 t ne ~oot OcnMOi. 

f..n lMJ•J ba1.ng t.h..f,ogl.voc.].. t &.o aoi.1J. fi:17'c~l·ort.o o.o ~a tn.ter

.forad w!rt~ t~e p.,.oooou.r8. 

~"h.c d!.tntol· pr-ooed~'re La fl.Ot ep~-.:o~ji~. Gopper, 

t.ron aro.:~.i t t.n. L.nt ar~taro. ;,.tlcl6 rs a1ld Hv.ae ~ (·~ _9) and P't.pG 7" 

and Bso"l."O'~t~ (50) u.sed (l'i, t h.ifJi. for t \e LlatoM"tn,at 1.or. a;f 

JQO l.IJb!l onu.--::. and d (ii80 r•t. b €d JTfo~ t ~o..i !3 .f:J r :; t\e o L tm. t n"l t ton. of 

tnter,jeNmoe b'l/ tl\.e otf\or ou.ostr.lnot~a occ:~;r ·r~n£i Lon ptant 

73G. ttH•1.o.1·. Ooppt3 ~ was j'i -r s t rt;.'*o!nd blJ c-;;.; t, T't:hl t 1. on. wt th. 

cH th.tHune ~And our bOll tt3t r<;oh. tor-i-da.. T!\t-~ sto 1voje••I.:J:'l 

oou.{,d ttt.an ~;::.:; oe'Le(lt !,ve1" a.-r:tr:1.:Hb'd wttl\ Oi•p,t'61'ron. r .. Hld 

o ll 'L ora..fv ,.,. • 11~6 o t\ l. or·.:ifoi''U wa.s evap() Pel ,;eJ ar.C: th-e oup

,J"P.rr m :;x:~a dt38ti'nljed b~ aot.d dtgoct~or. p;•.o:-o t.o tf\a 

Tl·~s c~pl.o:tx at.so h.Qd to 013 u:~Bt;rJIJOO j.?T"ior- to !1\e 

a.ddttf,o:• qf t.~e dt~I•LoL t3eJ:t0rav (5_j) esp..lr-c.tt..Ad th.e 

ao11JCrll31\~ ..f1•aa. t~a tntBr.fertr.Q a.Aobatar~o-ol' bl:i t!-.e 

<1·dditt.on oj eth.a..no~t.o .~-1..-bansof.n.cxi;im~ to t~e teat <Jot(j-
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Tha r.;;c.~ont ;/'oT'fA.a a. a tab 1a rdcl co'l.ot•rGd o om.p 'Lax t.?t t•ti 

6+ Mo to:.e wh.1.o~ t~ ec~t.t·b1o tn 50% ~oet1.o uotd. JitnJ:wal-

t~ol') oool•rs a.t 50:.5 ~,_,· Go~,tin:te\.n (62} raoom.'l'er.a~l tile 

1.u~ o,;• ot't,l"LO <.t.o~d tn~teo!..l o.f' aoetto Gotd, ~ttpl?.! . .hOL11J 

Qf t~e metncd t~ Lo~, approx\aat~~~ 2 t~ 10~v.~. ~o~v

l>d~n~~ pa1" ~~. Bcmdt~Z,l (4..3) ata.tod ·,~~.:.t.t tl\i.a proot-Jtju.re 

to 2 70 Q. u-.a.e 1.~p r'(l.(J t ioo-:.. .. 

i'a.t..oi"blH'IJ a.nd B'!"La,.er (6.3) daaor&.bea a m.ot.h.cd 

using a~Lo~r.t~~o aotd. T~o proued~re u8inQ o~LorantLio 

a-:!id ~Daa ntOl"(., Brmaf.ttv.s th.a.n trte pl\t~l'ljjl.h.l:ldi"'a8'tnf4 r..attwd, 

u00+ but not apaoi,,f'i..o ,;->or l!l-otl,lbdenl).;l. J:l (,cne N'fact 

rrcn./ " . . . . 
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Iron U\GB rsmoved bf.l pl"~So·Lp\.tGt1.on a.a ~hoe ~"droxftde. 

NaoKavenc~ and Pr6teor (64) as1eottve~v eztraotad t~8 

m.ot11bdernm ,/''Y'ari J'arrou.s i:?.at~ric.l.e wtt~ a. 1:1 G.f.xtt,ree 

oJ' oar·bor~ tetrao~1,or-ida emu O.!lBt!.l'b aoeton.e. 01\~ora-

destroyed. 

a~ 4JO .~o Farrf,o and ~n~ ot~~~ ~ons oauee t~ter

J'& f'art,(){J • 

"'..a.:J a ~taUt~ o.bt:o1"pt ton. Gt 4-20 ~ • The raaQGJbt t e l~ot 
/ 

~paot..tta c.nd t'tw proood!•r•c l"'equ.iraa that tl\e m.c/LJibdenu~ 

vt~ tf\e uga o.:f' ditf\i.o~ c.nd th.toouanato. Acool"dtng to 

lfi. (, ·uam.s (51) th.\:3 .torm.e;r ltJ.:u ttl.e rnor•a sen.attive. 

. . . 
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t~~s Jaotor ~~one. 

Tbe c'H.th.i.ot prooedu"s &oaB ted\.oua. Pt.pero and 

BQoior;wo7"th. (50) ttated tnat o&npZ.a:o .preotpt.tatt.on o.t tfl.e 

aeroopttde raqutred 30 atnutas and tr~t t~~ o~p~~ too~ 

4 to 6 ~ou.Y•a to dtesot-ve oomplote~IJ £1'\ t"e c1-gan1ro 

rta.a &ajor advontaae 0~ t~o t~toovanata pro

oooure over- t~u other 6ai'Le·tf. ng mat hods Lav 1.n ~tfr 

ctnp~'ott~. Wt~ltame (51) a~owed that t~9 th.toovanate 

Oirt ra.o ta.n t, u; f\ t c f\ w.s ! t.ra.a c 01~ e ~..m t ng • Rn .. v t. u a.nd 1~ t e r

ean (47) "J'o~r.d t"e &tt~•i.ot prooadt.H•e to ba too ia:dLcuc 

I ' "''1yy ••••• 



' "' t~ "'' .,.., T'"'i f· ·nL> ,.,-,~ • •n 4 <> " .... !"e •••···p·~·'"·""G"t•'7. Ut<W<..\1,18 p.u.o irO• ... ., ..... ,_.;,.,,,. " "''''"'"''"tfU•./.... ~~ ........... oc- •• v.~ 

rHa.IJ~mt: wne u.a;;;d ov Ba.ndoL lt (4.3). J)i.o~ Clnd BLr•w~61J (45), 

JtcM\/te~a (68), Jla.T"f1!..D~ (59.!, (Jo..-; cm-d Po~L-Lt (70) !}.'l'-"' bl) 

.i.Hl.t.a and O'i.ecn (7"1). Tt.ough. ~A-a 8G1.'! QUIJ b~ 'lOtGtnod 

tltG ann'I.IJ8t8 o.) a.oLvbaonWJt i•t r~oul-A, wh-1.1-e Sc.~oMff'L·& (45) 

a.na liobtnsc·n (74-) u.at-J tt to detaMl..t,r .. s ao1.,vbd6'r.r...11n. ~n 

( 75' I 
I ) ; oft .t • • C't 



ALt.-~ (42) .to.,. ~pl.e, oh.o100d r..~t tl\tt oo;.our at-o.bt~'f.tv 

aoo i.n.tcmaitu di..f} rwt t.>a.T'bJ for ooncantra·eton. abovQ 0-6~, 

ovana.te oonoentru.t~one. 01l tt.e; ot~r f't--::.nd ..Jto~ and 

Bing?.ev (46) and Jotmaon .:m.d Arlt.LEi:V (7.9) ah.oweri tf\~ 

cMLW'ata ~f tl wt(lFJ t~or1.{ t~ o..i ;,u.;~pt-EftJ, .sr~n..JaJ,:, (4.3 ) , 

and ~obi.1lson (74) w.aeJ ~~,j r•ocntorlru ao t.d j 'JT' t e an.c ~ vs1.s 
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1Ho~ol..s and Rogare (76) and J'otmaon an6 Ar~ltev (79) 

used ~"drocbitorto a.ct.d ,for ttw a.natlJofre o,f pta.n~ 

~tertat. Tnts QCk) waa un1~~~tv 'o interje?6 wit~ 

tn~ vx~dat,on ~ed~otton Equ~l~brt~. HowGver, Y-tng 

(l'J), Sta(\ftel.d (6EJj arid Mcu~Q c.-nd }{cCo~lou.ir (73) a.n.d 

cl.lo t~E; ab<.:-tJe workers a~otooo th-at .;t'adt.ng occur-red ~.f 

th.e tncorreot ~vdroet-~l.orto aoi.d oor.,oent7"Q,tio1# uxz.a aDed • 

.7'fl.ort? 11.1ae o. ioa.c~ of oonl9i.BttJn.OIJ J•or• ttwJ opt\.IQ.U4 o.1ctd 

oonct1ntrat t.cm 1"ar.ge. ffura ana A!.~f.Jl"o (42} sto.ted thol.::.t 

tn.o opttmt~ t•varooh'-or~o aoi,d oonoer.tratton o.t 5f:, 

~Jta1.doo a ocl.our at,;(lbl-e .tor 40 ~'£.m~te2. T!'l.t=.> t;;~et 

eoL~tt,cne ocntain.ed 1% tllt.oovano.ta OJ'ld O.dlb sta.nnoul!' 

oh.~ortde. On the ot~er ~nd Dto~ and B~ngtev (45) and 

Jo~neon Gnd Ar~~ey (79) dete~tned t~ opt~~ ~~dro

o~~ortc aotd oonoentrotton to be 3%. 

J(~ncra1 Q..Otde oth.t<r toon h.iJdrooh.1ol''f.o n.ctd 

were ~o~~~~ r~ove6. Hurd and A1~an (42), Sta~~~~ 

(68), Uo.o.g cmd lloOo l.l.ua ( 7 3) , cJar~tot~B ( 81) '"nd Oo.1~ L 'l., 

N~ltu1a o.oo llorwtts (82) oon<.no~orr'-"'d toot n ·i.trr.!te to~•s 

mu.st b~ dr1.vtm o.t.f .tor l'eprodu.o i.b l.o rasu. H s. 'l'nev 

c:wf\i.~med tf\t.a by ~.aa.ti.nQ to J"wn.ee qj' a~~phur'(.,, (laid. 

or, t.n th.~ oaae o,f th.e 1-a~t~H· two rE:..iEtT'srM:>ee, to j'tJPJ,P.S 

o.j peronl.orto a.otd. ffu,rd olld A118fl (4:?) ahowej,ttla.t 

pr•ovt.dad t~~ sai.pt\u.rto · aotd .:Joncentrati,on wa.a 1·ece th.a.n 

0.~) tt dt.d not t.nterj't~Y'e. DLolt anr.:i .Bir•Q'tti_. (4o), 

lbr1u et u.1 (75), Gri.gg (lb) and Wa?-d a~ Jo~nRort (85) 

a.,..Quoo tt\a.t p6~of\1ortc ooid •i·~il.t ~ntarj'er~ as W6t.'L ae 

t~e n'tr'l.o a.oL.d. Tnev r6iil.otH~c.~ tt"t.e l.{lat trao:w o.t b • .>ttl 

these aotdu biJ tlrlo.t£.no t.o rir:;!'le.sa, Chlld tooi; ~p tt\G 

'l"eetdu.e t,n h.t;drooh."irori.o a.o£.d. li:v<V\a, Pr..-r-vt.s ar:..d S~Ja1' 

(44) 4ii"W.inGtoo tlw ~jd-a.otd~ OiJ rgpeat13,.i t~vo.poratt.on 

w1.tll ~ljdro~~n pero.:x:i.de. None o..f t4at6 woritaJ•tJ g~oe .:mv 

data Ja.eOJ n~i.ll~ parof>~~or l.o na td tn.tc?"j'e-r.enos. 

fur· e fl.ocl/ • • • 



. 
Rh.':~hJa Uni.uer.sitv f.-~-r t. ~-s di, auo!.v. ~ t ,:r~ o..t pl.ar.t J&.._'l.ter·ta1.. 

Tt/ •.••• 



:t llaomed LJrobabi.E1 tl\'.>t th.e Lang""1'1.:_~ t:iUo.po""Gt{.on sto.ge 

t.n. "":: hre cma 1 vat & pr(l'oe,it~o ,..e .,., ou. l.d iJe t~ c.. ~ .ni na.ttJd. Th,c 

BD~e r£t-a-atnt'!'l~ reo ~< ·on for th..e 1.,-.a~:;.ston o.,f' tt.1.11 

iJVllPONt &Qil ~tep WQD t.l\e poJJ .s t..b~tl in.isr,f::H'6"'-06 b~ 

parn~lo~ata ~o~~-

?el11 J'.;.;.lttJ wtsre avo.n( .. u'L ~ on th.19 poea~bl.t1 

t.ilt~iir•,,f"ciHeJ~e !>u pEH'oh-'L •)r\.o u.t,·!.d. Oo;c 'lJld 1:-~, ·H~t (;O) 

ot.~:Hltkmt,Ci that" i:. a~.Lb{.e (}010t;,i' we e deuej·)pfld ~f.tt.t.n u. 

pi'"GO t i•)a L per- L o0 o.f' time t,;" t,:·w ptH'(' "\ i. o"~' f..·J c.40 t.<' o on-

06tltratto~ iPQQ 1-,f, wf..th. r~o ot.h.er ~c:t,rJ [Ji''l'~2r.w,t. 1'h.ene 

Gb'.bt 1~vl".G (lO) a'l.rto e~at~ tl\a.t t:.~ to .3> th:11"0h7.r>.•·to a.ot.d 

cad not f, n:;~u·fe'l"a wtta t.r ... s ~HJ~".)u.'l'' rJe'll .. '6hOP·~J 'l.?l 8tHpt~:..r·~.:; 

cwt.d n.<.edt~. 

~h.E"re tlc1p<:."'a7't1u to be rqag J•lQf1'f..t) ~,..~_.~a 

foro ~ .. ..,~\.Itt r .. a t'.i~et ~u r p~ ,.a f\ L:,.1;·u t. a t or~o d f,.J t r.. • .:~o t 

oa,.B(l i.nstabt&t..tb' o ...... n.':.. li!'Wl-Ljb<jen~ . .,. tl'l.f.uOfi~Vl~ta OH-.. .... lt~ 

t n. n.va ,.,)G n 1t or- 1. a c•c ~ri m.td &.um. ; ~-· t }~ t.s3 wu.l!' a ::; , ttY.~ 

~on~t~v suapo~atLon atogu oou~o be ti~t~~nG~aj. 

It wae :-.l.13o oorH?i.~Jt.T'E:<d 11-eooar..v.rw ta olt~v&.t.aR. 

th-o O~Jt'f.au~ f\IJI..i?•c.oh.tcrta o.ci.d Or."~r .. ,...3r~tr(.l.ti.on r-an.ve 

i"C.;utr~d tc 7"eaor'd t~a.neJ;.'i.tto.n •Jll l'a~t .. aa oonst.-bnl L,..o,. 1.1 

p~aattuu1 peri~; ~~ t~~•· 

Tne sa t'll.)o •..iO P"'O t s t.e 61"~ i !1; fla ~. t f''"' t tJ·j t-..CPt'J 7" i 

~imi.a "l. 1.1J uo ,jeBOl'i.bt;d u.nve"' ".~X,,dr t.:;-..r.:nt 1.) /, {!t,_,jtoe ". 

1, ,24. 1.11.9 rft~'!.Q i:LW__\loilii!.~~. 

!'h.o:~ oo\w...ore.1 ,.ify,.,:.I.,lJ.:r: t.n J'ormt7d bl,i T'fjOt'tl.L•• 

b8 t~8H:l L '"•t. ~'0EJano.te '6.o7M Q,1" 1 ~~c t vb~en.;;,. t ~n.~ po'1al:l e af,r.g 

u.n l).l;idut·i. cli'1• n.t~0€17' c\,/ J"l.Vt:i. Mo1lJbu.,i~..tDt at ot~«H" 

ox t J.o. t t. on "' t ' J. tea ~ oo a nl J\) r~ a. o ~.:.ll .. ... n ... r• -,:1. v c":\.p z, t"k-c. '1'~ 

pr>~•e 1"f:Jt .. L7'hm .. jnt, o.,f .. ,h.'::f 7'e•it.!0 1 "~' .:t!.JCttt w.:1.a ·JUarltL t c.t tve 

O~~VI:H"8ft0li 0.: ttHJ 1:'.!0.\.iJb-' .u:m~ trJ (]Jl t).l:1.0utid:"t 8to.te qj' 

.. :n. vtt. 

Tne/ •• . •• 
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at~on Qf •o~~~Jenwr. ~•uo. T4~a ro~gent a~at tn 

add~t~on &~~~~nate ~neerferenos tv the oo~o~r~d Jarrto 

o":r-.caatogen1.o deve",opment, bt,t j'6rri.o 1-ttter,jer•moa ~8 

el.tainatad ~~~ 7'Gduott.oa to th.a fer-rou.e etate. T~tt 

ti.tg.ti.v• tn the preawJloa oJ' trorl and nttr<,te t.c~~•s. 

Tt,t.a l'"eou.otant !DaB u.7i.d6~V u.eet.i. Kif\g (72), Jtaag ana 

Jlooc•~l.6a (7_·3}, JUQ.ss (81) ana Grl.PWl.di ano IVaL"Le (84) 

bd•ru£a i.n a·t.ee1, wh.t.l.e Sa.nda~lr (43) ~~nd Robt.Mol1 (74) uP.ed 

t"e reo.gent ,fo.,. et Ltoato rO<ii'i. cma.tvs 1-~J. li:vana, .P~rv t.a 

and Bfia.r- (,;4), D1.oli and B£r,Qi.GLi (4_\), Stfl"'\fiez.d (6()) 1 

JlGr-aow (69), .F\Ariu et a~ (75), Niol\oLs and Rogore (76). 

Barsl"t.Gd (/7) an-j Joltn.eo:'1 and Ari.i:i.-"V (75) u.ef;J B-;~nnct.··tt 

trati.on range to be 0.02 to 0.2 M, wnt.ta ffu.T"d Cpn.d A l. i,en 

(42) etatoo ttwi i"'Gllgl3 to Dta. C .. 04 to O .(fj, stann<r s 

Oil. l•l.'"'tde tn. ;tC tr.vdr·:Joh. l.orto o.o ~a. D ~ c~ and Btn.~ 1tev ( 45) 

ao,d, tne optt~um aondtttone Jor ao1our deueLo~ent tav 

bet~ean 0.6 and <% stQnnoua oh~ortde. 

L,- 1 • I 
J's iJ "1, 8; ••• 



6+ .Brt-1, 1. a and 01. a or. (71 ) 1"educ ed Mo t or•e 'to 

Mo5+ tone iitJ i\eattng wt'tfl r.vdroo~1ori.~ ooi-ti anj 

wh.i,c~ v<."~OIJ>7'8 ·~a p.,a.·1t ~.:..t.erta.1 , HervJr:.1rt:d thi.u raagon.t 

Wlatd· t c.!i ~e. Crout ~ ... JJJH3 ~ and Jol!,:'l a ott ( c:.:7) "'60 CliVIl ii3Tlod e(.( 

iifHil ucH~ 'O..J..c a atnl)1.fl et.eotron red!..ootant.,:;a th.c i'fJouotton 
·' 

5-t ooou.rred dtrsotLv tc) ttJtJ "o· .state.. ]i'Oh t,o.c.c.rj'eroo 

~fu.rd :..J.nd 111 i.on. ( 42) ChJ.u.t:Jed trl~ta b "i. 1- t tlj o G·Ll").BtJ 97',(, and 

J..,,;.r#l (85), ffc,ps (80) cmd O~#>J rnt.k.mJ ~:~r...c1 Dobu.na (ijo) u.e·ed 

and/ ... ~ . 



non-vo~a.t~'te. 

ar.U Bar•tdv.~r:J (77) 

t.n p~a.nt aatarta.1..~ ~"'h.e OC~J.pZ.e.x ~8 a. J1.a.;zrL~:AtW a'bc:orp

ti.on at 475 a ~tn etll.,..,r-. Sande11 1'43} ~ .HlrJ,a ot a.l· 
•" 

uo.pou.r p7•e~teu.re wh.1.oh., acco rot.:1~ to 3\ll'l-!lA 1, r. ( 4 3) an..i 

.Mu.J~ ~ncl JloOo',. J.wrt (7~) i.oc~ to oooJ\; p:•we{9a1'e l.n tl\e 
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J~~e (81), ff~rd a~ R6vno~d~ (87) ana 

Gr·~~l.di. arid lfal.l-a (84) r4ip1.aoed et~er wit.ll butv~ 

JkJCJC.!.I.B;) o.t t~o grea.t~r ao~l.4obi •ttv o..r tt.e o...-.pi.e~, onlril 

on6 e~t 7"a.oti.(m ~lo neoea~a.rv. Dtak and m.n.Qt~u (45) 

ar~ 8tcm.fL13 i.d (68) h.owevar, rea(T.\.I)~grk:lad '~roe~t a~trao-

tt.on8 wh.en ~t~i.a re<1gent was ue.<J(~ ,for p!ro.n·~ ar.ai.vsta. 

Ln t~e oase ~ st~er, t~ butv1 acetate auet be satara

too w~ th. etarmou.a ot.l.or·~de and th,-i.oelvaoota be,fore u.se, 

oooord1.n" tc S'ta.J\fta~d (68), .Ba.1•et\ad (77), CodLJLlo eta.?. 

(82) and W7'0onae1lo (88). Th.~ l,)c.a,pi.B~ Qf.ves ~-ct •• ,_.. 

abaorptl.on at 465 'Y"' • Un.fort~n.ate};IJt c•.s dtsooL,erfld 

DIJ ffu.rd and Re:~vn.olrd• (87j and f/al"(l ai'ld A£.1en (42), th.e 

(4-4) a110 Mob1.7l~t"}l'l ("" 1 a.Ha G 1. i ~ ~.r:tt;.,..e o;f' t..ao-a.~&1J1. 

ataoh.oL> c•;W. ~v~ cwt~t:vf.e bw lao~~ OJa Joh.luwn loj;. 

1ft••"d u1atl b!ev·~ol.de (87) "'bta~ned exoel.l.ent 

ata.b"-l.t.tiJ biJ M\.e ua6l o.f ;:>bfo1.ot'.F;.;r,ar.o~. Hu.r6 and Alol.Ein 

(42) sh.owed th-Gt t"e rop1"oduotton of the opttoat denst.tlti 

wt th. tt.ae l«le 01_.per\or 'to et th.er eth.er or but~iL ooetat$. 

Ill,/ • • •• • 



In add~tion t~~ opttoa~ danett~ ~i tn6 coapt~ ~s 

aor~ inten~e tn t~~• ~eagunt tf~n '~ et~c~. Th6 

tnoreaaed ao~ub£ttt~ ~ t~e o~p~~ eRGbled ~~Ler 

volrtwee to be I.Hted t~M.oh £n.orea.eoo th.o senatti.l'i;ll 

JUrtner. T~e ooap1~ ~b~btttid ~taua Gbeorption 

Gt 465 ~~. U~fortunate~v t~e p~~eLoat propgrttea ~ 

0110~on~~no~ ~re u~avourQbl,d. Hurd and A~l,en (42), 

Dto~ and .B\ngtev (45) and Grt.:&a1<H a.n.d i'e"t. ire (84) 

..found th.a.t t~ ,..~agent •oaet'W4es ao'-tdiJi.ed tn tfl.a 

~aboruto~~ and .i~~ ~he uisoou• ~tqa'd wao di~~oul,t 

to nand~e. ~ t~e other ~nd Cn~s J~ctor ~a tn6 

vo~att~~tv neg~tg~ol,e. Oyc~o~~o~ e~parated s~owlv 

,jrCIIJ. ti\6 aqueous pfl:.&e and tul"btd' t~ Doaet·~(l• dm.,ei.

oped. 

aayl c~oobo~ G8 an ~~tr~otant, b~t Jo~neo~ ar~ Ar~l,e~ 

1 /9) Qncou.ntsred "''!"rf.lra due to tt\e M .. g~ so7,ub~ ~ttv o.;t 

thi-s rec;;~ent. Dio~ arl'..A "lq?,81J (46) and (}rt(W (78) 

reduoecl tf\c aol.u.b'i.l·it&~ and e.-rpand ~c.:.~ t~-JJ~fJ(IttJ :ov 

equi.l.i.lrrt.atin~ tlt-e eoi;.utt.ona to a oonstani ta.~perQtu~e 

b~oro use. ~~a•~ ~atter wor~ere Gnd Got~ and I~edo 

(89) .found t~a coapl.ox to h,.o.·)e a.a.7:1,.s{.- !l.baor·ptton. at 

335 cmd 468 a~- ·i.n. t h. f.,. !'"eag~t•t r,)fuin s ta'•iwu.s ctl.i.orr,de J.OOoS 
./' 

ueed as ttr..e 7'Bdu.o" .,.,. •• t. 

Jotm.aon a.oo Ar~ta~,; (7.9) deuvl.oped "n. ~tT"Gotcmt 
•~xture ~ ~eo-a5Vl. ol.oo~o~ and oa~bon totNJon.~ort.de. 

Tl'l.6 use aj tM.~ ~~Ol:tt.u•e i.sproved tile aanetttvi.tv a:Hl 

a.om.H"GCtJ abot,e tt.at oJ" tM al.ooi1ooL a:.one. 'l"he .,I"Gt,oura

ab'L@ der•attv 7'\'loti.o 1.i.'lproved tf-ue p haea 8epa.l'1..1tto1o. a::c 

et.-.p~tfted tl\e ease o.t JW.ntpu1att.on, wttt. a. rfla~lt .\nlj 

sat.,t.ng tn ti.J!.e. T~a <lc:.plra.x wa.e atabloe tn tl~ts ,""eCl~;~nt 

J'or several. lt.ou.rs.. Mo.xi..•ua ahaol"'ptt.on l,(Y...>8 at 470 111. J.J.. • 
.I 

Johnson/ ••• 
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tlOflJ'lQOll t.\r.J A ~~l,f!)J (79) OV8T-C<W8 tfw 4JQ.,.1,Gb~w BO~Ueilt 

sol-t~f.. ~t tv b1J ea. tti.~.ltLniiJ t h.a teat aol.utton wt t '' tl\.a 

~:.t~oo e;ct'r'f.l,')t.~n.t p1•1.or to t.h.t.o<q,ranate ul'ld atGm:-ou 

oft.7,o.,.t.d.a addttton~ UrifrJrtan.ats~v tll~c raagent u.ao 

ve·,.v v,,1,~tt'iro and th.il l'"t.~St'-l·t~ gtv«-n ,}or plant aampl.eiJ 

wf.t~ toJD Rolrvbden~.a oo1lt:ent t.runoa.t~d tnocaJ.~I,et 

r>eoove1 IJ• .Joh.n.r;on ga.t'9 th..a cptt.l:lUA roa.Qsnt oonv~n

trat£-on 1"'.An"es f,,r OO?!\pl.G;c d~tJ(i11.opli'Joe!lt t,n tfae a~t.:.6o1•e 

ph.ae~ to he 0.72 to 1.8 N t:.~·drcot\l.orto a.otd, 0.05-

1 .8 M potas.at.UR .:.Ato~vnn.at·3 and 0.02 - 0.08 M etanou.s 

o~l,ort.de .. 

Th.ti ai.aplrlftorltton o.f t~f3 proooYdura o~ tr~e 

uae of 'l\'1. ~'troota.nt du-nafn• tt\Gn &ea·te;-o ~<i ch:.ttou.tt 

a.dva,•ta.l](la. In spit{ o,f t .. e eta2~t"J.i.ti} obto."-n"d) th.s 

ues o..f t.h B '£.ao-~llt a k1o~o L. o~r'bcn. e et ro.otu.ort!!c 

lifs1..r.t:.H'6 ;ros n.ot e11.t C-r6LV ec.t'l.a._t'Qotorji, tmo~.us ~ r;.J' t~ 

so"A.\i-bt1d,tiJ, t~ vol-~t~1tr.v and dout1t.;-u.T.. eztl"Gctton 

6,1'.t:.c ·t.an<-v , T~e aattwr oona tde rE~o t tK• t, t ~ t t\1. oova:rv... te 

p;-ooe!'iu.re ooa ird Lie t pi"'nVeri b:; t t\a LHJe o.;t an e..;traotrmt 

w~t- mo~o s~tt~b~e phvstoa1 properttee. ~h& a~'&ot~cn 

o • .t an t•prO'Jed e.xt ruotm~t 10(18 e.r.:w:-t-t nerj t.n t M: e:::p~::rt-

-.satal- et.udtaa. 

1..~.2§ • lill.r:a!§r'ic!lQ §l~~Jl· 

W"c;.-1"UO{; (69) 8tO. t ~ . 

nor..a.~ 1.v D7"oaent tn pl.a.~t a.te7"tat, tn.t._;r,fc1"e wl. th. th.a 

tilt N JJO.OO ~Je proo6Gun:.~. 

rro:1 t.n ncoev CH' iJ ..,r'-..,;- ocap1.et61 ocLou.r dstH3'itop-

~&ent. .Ha. 011 (69), Rob&n.aon. (74), .Nt.otw~a ; ... n<..l l4oQ8iB 

(76) .Ra:·a'lC4ll (Tl) IJ.Tl..-1 ddm~on a.<tJ f!""r-;1,-av ~79) ,fo~ !1.<.1 

th.at tl:..o pre<? srtae o~f i.rc-n 10<.Al'l1"".rJ t~e noL.o .. r tnt.,.~nai.t ;1 

and i.ncT'~C.:.~ G :J the a.:Jot..;oaov G''K:· rf:projr;.a(,bf. ~ i.T:r,· ,.....-:· t h.e 

. .; .. 
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and tron \l'ara prea~nt tn equ.t.~·m.e>1Gi'" quantf.tt.s.,. 

AddLtton Qj .~•rt~~r ~~on ~ no ~~ao~ u.pon t~ 

~~tona~tu. Po~ t~ia ~eaeon, Nto~o~a and Bo~ara (76) 

rf#o~end8d tne add1•tton aj 10 ~:~rg .. J"er7'f.O i.:r'OH to 

both! t~ bT,an~ n.nd t"e standard t'cl.atLona. .Df.o" cmd 

.Bt.ngl-su (45) a.-.:p1,u.1,'116d tt.t.s pht.;lnCQanon. T~au not6d 

tbat ttwl abeot·pt1.on apfiot1-a o.f tne ao1·1J00'::1nuA tllt.o

ovanate o~pte.1: 'IK\8 ttL>e Blll4t~ wll.E1th.er f.7"-or.. wcHt p'T"eaant 

o7• not. en ti\f,a and otf\e?" ~ro~n.da tJ.ev poatt~~ated thut 

th~ aoL!JbdOBL~ voa~r~ed f,n bot~ t~ o~r~tog~nto and 

1.n th.t~ n<m-alu'"o:;s.ato~ont:J parta o.j tt~re ~o1aou.l.e. Ff.tl\ 

t.ron a.tx.~>tl,ab~e t't.s Jt.o~"'006~1.611to tn tt\6 l\on.·-.:>1\i'OIIv.lto

gonta aeo~t.on 0.: t~e aol.~ou.1.e rK18 r"'pl.u.oed a.nd tro·.tr tl\en. 

avat.1.ao'toe ,jar oo'Lo:.r tntens1.J'1.oa.tf.oil. Tlta gener•Cll'LU 

aooepted a'Crooturea a.ra Mo2 (Ho 0 f"':NS) 5) 3 Gild Ff# 

(Mo O(aNa)5). Oopper ~ G atmt~ar ~~~ot to ~~on. 

It waa ~owavar teas ~r~ed. 

Aooordt..ng to Bura~1::i (77) tl~ 1.nteru,tt11 t.a 

t.nd"perkiont oJ th-e .fe.,.rto aonoentT"Gtton \Qf'uiln tf\.e ra.tto 

oJ' tl\8 rn~b·37" o.f equ.&.t>o.1.(jnta .. r~7"T'tc 1.ron tc D;O~IIbl..ienUA 

e:oe~a unt.t~. TB6 pres~noe ~ a ~rge oxoea~ Qj tron, 

!toloever, oa.uaaa t.nt.eJ'gEn•enoe. P!Jr-?-ou.a t M.oo!Ja.M ta te 

oo-~ti'"Goted togat 1!1er wttll ttr.e •ol.vMantAl\ OMp!:a.:c a~1 

aort"1 ~tdation produoas Gn tnt6r~artng oo~our. Dto~ 

and B~ng'Lay (46) and GrLQg (78) ovaroa5e t~ts ou ~a~
t.no tltta e.1:t rao'C lOi. 'tt\ atamwu.s oB 1.or1.d8. Hu,..d and A l.Len 

(42) .fou.nd toot atanni.a ttn oau.aed tt.a intal'lsttrJ :;,~.f 

aqaeoua .sotu.~tonn to .fadfl wi.tll ttuo.a. .For tl•t.o l"eaaon, 

tree ntannous ol\1.or~d6 so1u.ti.otu al~e prepa.rod freaf\ flija.oh. 

,. ,. ... 



1.'wo r~S-1 • ..;,/" 50% 
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"f2!J t..2..."!i. ~na tl.9lL~-tr!.e_ti£k.~~qnte. 

[i!t>t'lr lBJl'f. J/l! • 
·~~,._.421; 

..J-3 g. o..f .:r~G~ 5 .ocijJ ..CI:H't?- dtseo~:.··sJ 1111 cU.stt.?,J,..;tl 

.ro~ t:J ro a.r .. d made u.p to 1 t i. t i"d. 

4.! .5 g. o.:l N~l:) 
5 

w._:;1'Ei lH ;,~lu i.;;~d t./l d ~e ttL t..gd 

ll>a t e 1' t\nd ~·.hJ 1.4p t. o 1 O·J m. 1. • 

Eoog~n t "raje i acp 7'c:;7. 1;;!-e !HI r w .. 1.ts [l J.,a,.') ea i.ll G 

Q1a8a Rtoppera.l BEIPt"J.:'..ttory ,/'ulint=~L Or.o t;;r~t~ it~ :;o1ume 

l J • 1 5c."1 ~ • o.f 0 • p. 



one h.u.nd7'eJ mf.. o.;f' u teat. eol,u.tl.or• (pr\Jpa.rsd 

<HI ,ie3ortbsd uTl(ie-r the dt,ga.etio!1 prooad1~r-c) we1•a 

n ,~ t~ ·t~•1D<H1 tAas deterN~otr,ad at 475 ~,.«.. . A.f"t.<jP euo·~ 1•aa·t t. on 
/ 

C\!' tfle reading .for t.t~e rt3a[.Jent b1.aralt.tno3 ,.O'l,biO(.hJI'lUA 



77 

2..tJ.. • .Q.f!§QT·:U11· rsl7l.J!L"' tfla .Q,L'J&!:)i~~i! ... Qf!f! .r~~wQ!l:..ti • 

2..JJ.. 1!!§~ C~mltl• 
.A1 1, 7'ea.<~t;-.gs 10e1"a re:Jor'dad ustn~ 1 ~. oeH·a 

on a Oenao LJf~oaa.N.i Sp130t7"op~otstcc;..Jta7"'. (OGt lfo.12315) .. 

.T~e sta.blos 1f.(;.J~t i'J0!.4~t'l dfma'l,oped ltas b1361l :J6aortbed n~ 

Da."~d8cm (-;-:v:;;). 'l'~:oo 1arae capaot.tiJ 6 lJO~t ~,ccte;•tca t1l 

pa7'a~ ·;,a 'Z. wt. t~ a t.,:.tteJ-V o ~..argo?" <J?ltw.red i.l oonet:un.t 

vo~ta~e suppl~ to t~~ ~tg~t ~ouroe. 

A l.l. rea.!J-<3'\t" :•aed W~<ere ~t A. R. qtK~ ~.-:,tv. T!te 

rlttrto aotd ueed ,for pito.nt dtr;eali'l.on, an1 t~ ou1'boi'\ 

tctrooh1ol"1.de ~1·a rerJt.etnt.oo '!1·3.;/o~'o iW:H'. Tt}!f ovai.o

~~1:on.olo ~·u o;! jj.D. ff. Qua 1P f. t~, !lu.'t p:..~l..)"'f..oat i.on biJ va.ct•~ 

cHeti11ati.on Wl"lD .tcu.1id to be U.:\l'\tluaaa,~r-v. ~6~~gsnt 

aolou.tt.v7l8 wel"'~ prepardd t.ud.n~ '1.00.te1• wh.t...:lt n.oo be~n 

ptu• L.ttoo bll paa a tng ,j7-asf't Z-11 d t.st: i 1- lo ed ~oo tB r t lH•ou." ~ ~n 

ton ~oh.a.nge oolouan coil"tot!lt.n~,; A.m.be,.'Ltto KB .3 (,;:,t..c~d 

bad) rsstn, 

T"e mo'l!!il."\(jellu.m eolo1,.tton. wa1 pt·epa"(:_;,j .fr~ 

:apeopu.re' aml:\ont.r.ua ac:'LttbUa.t<3, ~-:l\1.oh: tv.ld b?t>T• ato.nda?"d

ltsad bjJ t~lo$ g~aV~ii~etr&.o prooadu.N.l, 16SOi"ili~rJ OiJ v'o~?.:. .. 

(.91). The aol.!,lbcH?Jma oo~tent: U~Co.a dtit.,rmi.n&j ~~(l Z1e 

5•1-.3~; tnc t.nevretioa.L oontar.t tm.ii 5~. )4.~ ~·Jl.Vbdt-;ma~ 

PrCQ th.e 'lt'f.ta1•atu.re aul""vr:~v ~t wa.e obvt.~u.s 

th.fl.t aAW:oni.~ t~noou~ro1.1te 1-ii(J.B tr .. -9 beet sa l.t to u.se, 

stn.oe pero~tor·i.o a.oi·d ta ueed ,,tor- t~e 11.~estt.on o.f 

th.a oj,ant mater·ta1r. Th.a C~ P. 1'"eagen.t a.vatl.abl,e was 

tt.nec .. t.i.s.fautorv o-nd tt:e •Jrl,letJ).'l.e !DEH"fl ,_otst i"l ~pp(ta7'

a.rtotJ. St1• ~ 'l.ar tn•llata;.s h.ad prevt.o:.ulr~ b8~m -rapo.,.too 

01,1 Orot•t~e'L a.rlod Joh.?l30ll (t7) ·to '1/'L.e'/,d poor OOl.OUl"' 

etabt~ttv. Tne ~o~1o~~n~ aodtJted t~o~n~Que qf 

reorvata1 Lat-t.on j'Y' CA •etoono~ was .fou,nd to be sh.or'tel"' 

arrl/ ••• c • 
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and •ore sat f.s.faotm•l,l t !;.an t4e ext et 'i..n.~ r. et.._od. 

11h.o F&etl\ano' was wcu"'::led t,o 55°0 tn. a rr..att3r 

ba.ttl, an.d aDa.B s(~.-tt,.ratad wttfl tf\a ~ont,UA sa1t. iVI\tte 

h.ot, th.e aoi.u.t'LoY• it>aS .:rtl.tered t~r~u-!Jh. a. iro7'1l ooo~ee 

po1'"oai.tt~ sintererl gLasa b1J..o!tner J't.mnaTt. Ooo1 .. tng 

produ.o€1d a .. n even orop of orvstr.l18. Ttle oo1cl .at.= o.f 

o 7"-.JA:" ted, a a.nd superna.tant 1 ·l.quor w~.,.e aep(H'att.rd bfJ .ft· t

t~"u.tton tt.rou.gf\ tr.e oo1..d b~o~nor .ft•n.ne1. Th.€1 o:-·vata.ts 

were tocloS~ed w1.th. sufJ'i.otent oo1<.J :r-e-cHstt11..oo I'!'Hlti•\an.oL 

to r-~ove til-a 1a.st f. r--:m tf\ toova.rk! ta t ra.o3R. TM.rtv 

ai.nu.tes 3lJ..Ot1.on dr~oad th.e 07'U.Ota1a <Jl.O,/'j"tctont7,.~ :for 

tf\.a to bs tran.a.ferroo eo a V:,j,Otl.ta deat.ooa.tol"' wh-ere 

C!tav we'f'e stoi .. ad i.6lltt7t r'f:ft2Uf..red. A 10% so1uti-or. tn. 

de-tontaed J !.st t 1..1. Bd wa te,. ltX&e .fotmd to 08 stab 1.a .)or 

a r&trt.L.T>l-ll1r per-too o.f t~'.i'ea months. 

~tl- Qk~~ewqr§. 

Tt\a ata.n.dflr>-J 1\.0l-Vbdenl.a so'Ll.Lt ton wa.s stored 

\.~1 a poJrvt~ene oor~tatns· r., Pvra:c glraa.r.tware, atcmda.rd to 

~1.1, l.aboi"'otorHHJ, u.v.:\s uaed .t'oi' tf\.':3 1.nveBt1,g·"JtLon. A~l. 

tt.e ~La.stnrore ID'.l8 m.ettou.J.ou.tJJ,[J ol.>3al'lOd .f!.7•tst wt.·tn. a.otd, 

and than wtt~ tet:lpo1. 2'r~e appo.r(!ltus W{l8 rt.n.at"d u;i,U~ 

tap and de-toni.soo LHettl.l,c:J wo.tar bej'ort~ una. :Tt\a u.se 

~r autamatto ptpattsa, as dcsorLbAd b~ Evo :;6) t• reo~

~sildad, oapeoi::e\r.v .fo-r oxt.ra~)tan.t a.d;Httcm. No gro.dWJ.ted 

a 8 pa ro t.tn~ .ru.~ 'l~Hlf r.oEn•c a.va.;, ~o. () z, e. T n.e no 7"FI\.G 1. j't.ormt~t UXJ.J 

thdrefoNI t1f...of\ed wtt~. 1\vjro,fl;uorto a.otd a.t th.e 10u mL 

m.ur~, an.d iJ.)I.:a ,fo.~.nd tc /)P :;cwn.p!,~:Jtel.lJ aat!.s,fa.GtCJ1"'11• 

P'lotograp~a oJ' tl"~$ g7.asaw;H·e u.a8d a!"e N.:r;···oduooo tn. 

JiQtH'68 17 and 1 :). FtQt~r-e 17 l!h-otof; det.:.\1 !,a a./ ~~~Lc ~t,o:r-o 

b~:r-ette a.r.J o.uto."nn.J,tt'J p!.j:>t:~ttee. J41 LQ~T'G 18 ar:,o'J8 drt1;:.~o'f.ta 
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FIGURE 17. 

GLASSWARE. 
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FIGURE 18. 

GLASSWARE . 
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(b) i~~e a.~t~o'tant s~ou.t.d pre,terab"llu be denser tt\a.Ji 
LOUtfJ,... 

(o) Tf\e ttao phases JJn•at be 8epara.tsd cu a. aoorp 
tnterJ'a.oe. 

(e) Tne oOIApl.ex m.tuJt be stab1,a t.n t~e e..1;t1"aotant. 

(,f) .7'1\e extrootan·c 5u.at ba n.on.-vol.attJ.-6. 

a.nd Peterson (47). 

A&.t.quots oontaf.nl.r•g 0 to iOO i-l-g • .Jr:.o'Lvbdc.~ 
/ 

woo ~"1d6d to erHnH'd a. j"t.na~ 1\vdrool\l,orf.o aoi.d oon.JentJ"U

tt.on a., ... 5/1. Th.ti il1dnq,dtJ..:.J.l. test "ol.ut4.ons ._"tOre o3tand-

To tnia wa!J added 10 m.g. t.ro;l (as F"CLl:), 1 m'L. 42.3% ... 
aod·L~ n~trate, 5 ~•· n;~. a~"ol'lttwn. th.i.ooW'~...'na.ts ar.d 5 m.t. 

,t.,.es~l.w prepart:1d 1 C>% a tu,rmou.a o 1\ l. ortd~ tr• d &. l.,_.ta f•J.ll"'o-

onLorto cotd. T~~ so1ut~on waa a~~en ~etweer. eao~ 

Su.bsequ.ent/ ••• 
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peT'.form.ed. 

trans:at tta.tloa oos detcMJi.!.ll(l(.\ ~:Jt 475 7 . These experi.

aente T"eveo.l.ed tl\at tts.i.a rea.gont 1roa not ent f,rel.c,• su1.t-

ae saro t t..aa. 

t.d'l.tv dtd not dt.aappoar u.pon atan.c.Hnl). A oh>ar e.ctr·c.wt 

tn t ite aqu.eoua p~~e 1-XJ.B ,-oou.o6d to J, 3%, and a.·~eo wh.cm 

tl\a 8.Xtraot wr•e WG8h.gd w~th. i .~ h.w~irooh.Lorio a.otd. 1"'1';.e 

;foM3er prooedu.1•e oatu;ed tnatc.bt 7..1-t" tr• the o.-,ztJ.aou.a p~ac, 

o.n.d t ~e ~a. tter prcodt•oed ~ 15arlt6d f,r~e tabt' t. t-11 oJ' t ~«1 

u.pon: 

•) ''"''/ ~ II) ..::. ..!. ••••• 
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~. .{eswrQPUz ett•er a~ .C'o.rbqn :t~tn¥Jh.to,.iflq. 

Tb'to r(iaQent to."Ue prepa.red ov ~1.-:ttn.a i.eopropv"lr 

otber and oGrbon t~trQo~~ortde tn t~6 rotto 2:3 ~tvtng a 

eoL~t,on »'~~a speotj1o crav~tu of 1.25 at 20°0. 

Prtor to uee 100 vo~~ee ~ tn6 reaQant were c~~en 

w\tb a st~t~rc ~f 3 vo1~ea 10,% ~ont~ t~toova~te, 

3 uo~~ee etannous ~~~crtda and 4 votumaa wat~r. T~e 

p~cBsa were tt,en aepara.ted. Tnts procedure waa neoae

saru tn order to saturate the e~traotant wttn t~e 

rea.gsnte u.Ded. AL!.qaot.a oc;nta.tn·~ng 50~~~ 11\ol.~tb:lsru..:m 

were tG~en. T~e o~pLe~ ~a a~ve~oped tn tne aq~ec~s 

pbGve czaot1u as aaaartbed p~ev~ouo~v, but t~ta 

reagent ~.:a.s used as t ne ext .,..a.otcmt tn.stoad o.t ·t f\e etfler. 

~~o use Q1 t~e ~eavier-t~n-water e~traotant Q~va 

• h.arper aepa.,.ation a.nd af,lllop-:,t.ff,ed th.e a.:r;traotto?t m.an.tp

t•l,at'!.on. Tne o~tracta.nt wae 1.ne.fJ!.ot.en'£;. T'.l!o 10 ~1. .. 

e~tr~ctions ~ere .four~ to be tna~jtote~t to qua~ttca

ttva"v r~ove a~1 the ~otv~jonua ~~ t~a aq~aoua p~ae. 

oon~rotl.ed, and ttt-e ooltotH" t.r•t~m.~ttv tended to Jade. 

In ordar to aoh.tcve atab~e't" tranamf,tto.nc.ttJ 

roadtn.ga, 20 m."b. o.f a.c~toree ~Pe added to th..a c,quGous 

ph.ase prtor io tf\a df,l,:"tto:. to 10U n'l:. T~e T"eeuZ.tant 

~trooted oo~Ot.i?"' wae sta.b~e .tor .. f"or-ty ~t.nute".• c;:~ tt..e 

e~:ro-ot dtd not h.avc a.nv t.rc.oe of tt..i'bt.:ittu. ~?.e 

pre2-ance of aoetor.e ia tt~e aqueou.8 phatH1 w-_::.a j'ound tv 

p~.ae wa.e th.e7'ej"ore ~a.tt·. ratcd wtt~ tf\a e.t-tra.cto.nt p rtol" 

ic t~toovanate addE.tton. T~a vo1t.:m<.: oJ' S;i;traota.nt cub

saq ... ont ?tv reoouai"ed was o( .. nsto.nt, L~t ul\tortu.nate tv 

ao~~bd~nua traooB ware detected t~ the L~ttiat waa~t»DGo 

2. 23/ 0 ••• 



8.2 

.Qil9_!fl"'H'i'E~'l..2!..4._pa. 1'bcm ~~.1· 

Frt• ~~e 1Lt6rat~;~ a~~eu ~t ~8 a1~~r t~t 

OiJO 'Loh.~not aoou.1d t:.a~t. ~aot th.e mn i",J;llden.u.J!IS. o<JM.p 1.111-~ ~ ~id 

trs.at th.(J ooJ,our> ~.e p"'t-;:ncnana11.&; stab"Z.e f.n tl\ta ~r.-~1.M&. 

t6tr.r.l<lh.&or'&.de, ~t.utn.o ~ a1oa.r aoltutton ID~tn a. ap~oL.flo 

grovi.tJJ at' 1.28 at 20°0. Be.J""or·e ueal' t~ 8.:Ctra.ota.nt ~DG8 

et~er. 



83 

ston wae tf\en deta'T"'!ain.ed at 475 Y· vera~e a. wcter bl.ail.~. 

Th.~ e.;r:tra.ate .r.-o.-,. bet!\ ti~oe taat aol.utton. a.nd tlla bLon~ 

... !.g • Jlo 
.Added. 
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T~e tnte~jo~tna oo•oar obtatnsd tn t~a 

obeenoG oj atannou.e oh.Lor1.de oos apparentlo" oau~ed bLI 

jo~r£o t~t.oovanata. T~o~o~ ~e~rt.o \one were not pre

sent \n t~ aqaeouo p~ae Juat pr\or ~o t~e e~~roott.on, 

t"'e J&rrous tona e~tr~ot&d were soon ~tdtsod. T~e 

oo't~red jerr~o ooap~~ tnoreased t~ reag~nt blGn~a. 

T~e t.nterjerenoe was tnoreasad ov t~e ab~eno~ ~ 
etannoue otl.ltort.de, o'f' biJ bt•bb1,1.ng ~VQEU\ throu.gh tr.e 

a~t~ot. Dto~ and Btng~~V (46) raaov~J jarrto tons 

jo~ed bv aerta~ ~1.dat~on, b~ auooeetve uaah.tng ~1.t~ 

dtlute stannous oh~or£de. T~a above aet~od Qf add£ng 

t,.e etannoue o"'],or1.da to joMa one hoaogeneoua p~ae te 

aore et.ap~e and JOr a~orter. T~e Gdd~tton Qj stannous 

o"'tor£de altao e~~t.Batod poea£blte tnterjorenoe bv 

traoea ~ £ron present tn t~ s:traotant ttaeltj. 

2,_~-f· 

e~t~otant ooultd be adapted tnto an anatva~a prooedure; 

tf\e turbtdi.tiJ bet.ng removed b11 t"e ad.:il.tf.on c;t ett\vl. 

a~ooh.o,, and t~te~jersnoe b!l aer~a~ ~~~datton ~ t~e 

t~on elta~nated bv t~ add~t~on ~ atanno~• on,or~de. 

Tl\e at•tf\or tt.erejol"e atudted tn6 stab f. l•~tll o.t tbe aolv

bde~ t"f.oo~nate oaap&ax 1.B t~f.a a~t~tant. A~iquota 

~ aoltvbde~ to oouer t~e range 0 to 25~g. were t~~en, 

and tne oc.p1~ ~8 deveLoped ~" tf\e aquaou.e p~aae 

e~ot\v as deso~~b~d biJ FUrv~a and FVteraon (47). ~~e 

ao,~tton .aa e~t~aotad twtoe ~tt~ 10 ~. Qf t~e ~Qagent , 

10 ., .; •••• 
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(Tabl.0 IV). 

Tf\e/ •••• 
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exo.mtaoo at tM.a ata.g6. Guotoh.exano~ t.a eol.abt-6 to th.e 

e.cte;lt a..f ~.6 parts 1.n. 100 ports o.u .. water at 2c/)o. No 

Alo1.?uote o.j' u.p to 20 .~g. o.t Ao1.vbdenta wer-e , . 

Tltta/ • •• • 
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oonstdered. 

.-~----........ ---~-----

' 
-----fl:-~0..-·-.. ---·--

I 

1 ::: ~ 11H~ o.;t' 
' ..... . t ..:; ... Q.n..."l rl.l] A 

. 
'--;---·-,.,-:::--~ ...... ---,.-~ .. --;;---·--,- -· ---~ ----· 

1·tn() ' '"" •r.t.". 1 1/h~ 11, 1:'.~. (~e :;. llJ.~. · 

i E;:; c r~..•c t i ui'}f3 o E:x t. ~"\.-u t t. o· \ • . . : . ...t; :-...:.u -r, !. on 1 
I i ' ' ;-------_..., ___________ .,..__ ________ ..,_.___ __ .... ________ , 

.... .. 
1 ~ ... ; . ..:. \"': " ,.. ' ' ) rr y .-: . , J ' • ... } ::t- . • .., • ., " 1.. ') ' ') 

:' ~ • I , .../ ~ .. , :,. ~ 
~- · .7 (,'l:lo 

q;: , ..., ).2 • ..1 9 " 1 :..i '; 'I .. 
~ 

.1.'. 0 , -· - . . · 5 dai/3. 

L--------L--------1·--··---· ·--'----------------~ 



a a 

onoe w~tn 5.0 ~1. e~traotant. T~e vo1~e cJ a~oohc~ 

T~s rea~1ts are g£uen Ln TabL~ V. 

~---·------T------------~~--------------------1~----- ----. 
~"'eat: 

Nt.wu.'ber 
,stQ. Xo 
·.4daed. 

.Sf'>..alti.r~g Tt~Jl.G 
1.n at.n.u.tee. 

_,JAg. Mo 
Found. 

;-....---·--~-,---+--------- .... . ---·-i 
I 

1 10.0 1 10. 1 

2 10.0 2 .) .:.!. ... · . ' 
j 10 .(1 3 

4 ~O.J 4 10 .1 

L_ • 
--i------~- ·------... ·-- l----~·-----J 

2 • I . .,. . ... . .. . ~ 
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Jl.:t..!. TP'i.e ;mt tl!'N! I)Q.rtQ&nt rat t.Q.'!JL o.i t t}o J:G<lQ§~.§ .f'q,. 
ogtour duygL~~~· 

to t.tH~ .to mat ton o.t t~e ocmp'Lez tn tr.e a.queot.Ht pt..a.ae. 

turn. 

2 ~1 

~· 

dependent apon th.e a.otd ocnoentra.ti,on, but tl~~i'e wcut 

d f. eGg re ~•en t a e to t l~e opt ta.tJ~,l con..; Em t l'Q t ton to ba 

ti.ae ourvee ,for a uertee o,f h."'droo~1orio aotd oonven-

oonstant. 

A~tqu.ota oonta.tni.ng 1ro u.g. ~Ol,!Jbd-t:mum. t~ere 

p7.'-•oed \.ro 100 a~. uoLwnet ... to ,f"l,aa"a and 0 to 18 nL 

o.f oonoantrated h.W'Cirooll.~orio aotd -were added. J.'!ten a 

.few ~z,. o.! p:..rt.fted watt':ir, 1 mjJ • .f~rr-t.o iron, 1 1AL 

o.f 42.% socHu.m. hi.trate and 5 m.t. o.t 10% a.mm.ont.tJ.~A. til to-· 

at 475 ~)'- . vereuo t!'\e I.Otlter b ~a.n.it, 11sing 1 om. ot11,1, ll. 

1't.a ao t,d oonoentra t t.on wue J e tf; rm. ~ru=Jd btJ t t tra.t ion 

Raptd/ .• . . 
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2.01 N f\wdrool\~orto o..otd, th.e OCl-"A-pl,GJ.;: IDOoB atub"Le .fo-r 

·15 &i.nutes. ~'hi. a 1~cv•~~?ta corresponded to t 1\q a.Jd t.t ton OJ' 

11 to 16 al,. ooncantrottJd h.1Jdrool\7,or1.o aotd. At vet 

Tf\e ooncentration CJ' 1.? N h.l/c.lrouhLo7'f.o aoid OD<la 

":.12 /. ... --

as obove. 

tt\.at reprodu.oed ;for 1 .06 N nlJdroo~h-or!o ao'l.d i.u .f1.gura 

.fiQlU a/ ..•• 



ol:ttat.n~j wi .;h ~ow4.UJ!l tll\.ocvo.r~•.lte 80L~tton. th.at :D<.l.! 

t;.oo ?;\Olltf"~tS ol.d. 'l't~tB t'~l.u.atr•ated thuG U"t8 l""6tlQe1lt 
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ae; .fctn..J a.bove, CJJlfl ti\E:.; ,/"il'l\.:.L. so1utton oontat.a@li Jr::.16 

0 to 'f(' m.l.. oJ' ret% t!;\.mno:..:s oh."~o7"t~ie in 5% -.varu<.d•1rort.o 
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Ape o;f A.ge o.f .,M-Q· Mo .fA. Q. .tJ 0 -l / 
Am.moni.WJt. Stannous Added. .Fou.nd. 
2'!'\.1, oovan.a.t e Oh1.ori.de 
.Reu~ent .. I Reag•:mt • r I 

r 

I 
i 
~ 

·-+·-
I 

.Frestt • i 

l?rean 

Fr<?sn 

FY"eoh I 
2 Ji or• t h..e 

I 
l 
! 

• ·-- 6 

2 .Dava 

Prep h. 

1 Dc..4lj 

:.? fuj,/·3 

Prest\ 

9.8 1U.O _9.9, 

I 15.0 l 15.0, 14.8 

l I 15 .o 14,7 

! 15.0 14.8 
I \ I 15.0 15.0, i4a4 I ! ! I J 

teateti j'or a.s .fo1LotM: A ravnthat&o' pi.ant aotu.tion wa.a 

500 parta OG.; 250 parts MQ; 50 pcn•ta 3; 100 parta ... ~'3 

5 parts ~; 2 po.rta Zn.; Clnd 2 J:a.r•ts a-~.. 

To ea.ah. o,f 6 r-ep1tc:'lte so7..~tt..ont~ :>.15 pa.rt:f oj /li.O'l,iJDdBI'\i.Jiil, 

I 

. - i 



reoord~d 1.n Tab1,a VII • 

... -
Svnt r~et l.O p loan:~ .eoLutt.on. OontroL teat. 

~· Jlo ~g. Jlo % ~~ •. M 0 I _,..M..Q • AI 0 % 
Added. Reo overed. Rffaoverv. Added. Recovered. BeootHH'IJ 

-
15.0 15 • .3 102.0 15.0 15.2 101 

15.0 1!;.0 100 15.0 1_3.4 89.3 

15.0 ~) 9 92.7 15.0 15.0 100 

15.0 16.0 106.8 15.0 14.4 96 

15.0 17.4 116 15.0 15.9 106 

15.0 15.0 100 -- -- --
-

Thaae reau,1,ts revea.1.ed that none o._-f th.e e"lre~nta 

absorpti.on ID<la .fou1ld to Z>e uno~nged OIJ the preaenoe or 

abaenoa qf th.ese tona. 

T~s tranaQtaa~on vereua t~~ waveLengtn ou~e, 

a~own tn ~ga~e 21, ~la obtained for th.e ~oL~bdan~ 

t~~oovanate o~p1~~ t.n ova1onexanot/oarbon t6trao~~ortde. 

Tni.a T"9Veatsd tt.e ao1vbdenu.,. oOT"p1a.-c to have ma.xt~u~ 

abaoT"ptton o.t 470 '0· Tn"ta vo.~!A-e iD<lB tllarEJ.jore used for .. 
s~baaquent determ~natt.ona. 

Hu.;•.:i/ • • ••• 
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TRANSMISSION WAVELENGTH CURVE FOR MOLYBDENUM 
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In t,;1.ew of tt\ese res, .. Lt~ tt was oono!,ooed tft.a.t 

poaet.bte adsorptLcn. o,f t~o m.o'Z,vbdonLUn l>ll th.l~ ~L~D81U.lre 

oou.l.d bt=J sa._.t"e1b' t~nored i,J' pM·o~'i,orto a.of,d 100.~ present, 

evan th.ough. t.IMJ tost ao1.: .... tton ood otoor.i .:t"or a ~ertoo o.f 

14 dO,IJS • 

In t~a reo~ended prooedure jo~ t~a ~st 

.jtQeetf,on. ;,.;j p"Lalll~ w .. t;a~ia1., a .fl.1'..a~ t:o:.uae o.f b~twasn 

2 and 5 •1,.. 1!-'Ut) obt;a.Lr • .ad tn ·th.e 1\:je~dah-1. ,fl.'loalit. Tn~s 

aed~~ oo~•~3ta ~~nl~ ~ pero~~orto ~atd. Tne addtt~on 

o;t 10 ttl.. 141• t,O'lOe75-traCed fltj.:Jroot\1.o:'"'L., aoi.d to etti\<ir a,! 

t~et~e fJO!.um.ee 1,4·teJ.·:i0d a .ttMi, tota1 aot.d oo?loe.~tratton, 

on d·'-"Lt~t~n~ to 100 ,_1, tt\at ~av b~tws~n 1.4 and 2 . 1) N. 

Tnt Goid oonoant~utto~ ~·~e ~! ~tr~adv been s~ow• 

(uai.r.ll f\~droo?~6ro1to ao .. d) to 3ta.b~ltafs th.e ~olr;~odt~:lW'.\ 

ocmpl.~ 1.11 th.e preaeii.O€ o.f .sodtwa ni.trate. Th.e poast.bt'Lttv 

o.f us f..nw a •:,:A:e~re v.f pe i"O h.~or Lo ~ad h.iJdroo n l.o,.~o ao i,da 

100." 3XQA 1. TlS!J • 

. A.a r-eported i.r. tn.e ·&.~tl-srotu.f"~:t l'HH•vtq; aavero!.. 

W07""ers ~'"Bm01JaJ pt:n•ob~o,.i.o uot.d b~ r".pe._,ted evapOT'\'ltioou 

to .f'..J.•a.ea. Ti\.e 3bava 7'•3tttt1t.s (T"lb&e VTI[) i.1...:itoated that 

l.n .rc•ot peroh.l-<,rt.o aoill dtd not <.EHJ.ea t.nto~jel''tlf''.H' :.n 

"vdroa l\1or'i.o •J.O [.o ~ad t.w.. It t h.(lre.f·?r·fi a.pp.i1a.r.e1 to ba 

a'lneoa.oaai"'V to i.no ~~jfJ thta it F;il~t h.v \11Xlpcrot trm t C!A()w i.a 

t"e ari.Q.L1J8E.JJ prooedtbro, merfJ~lJ to r6Dlc.ve peroh.l-a'"to o.oid. 

The Gt-"th.c7' raal- t..Bad j'tr.J•t4er·_,. th.at psrol\l.orute t:)l•B m~~ilt 

bet.ar.;e s£rn1.'LI)or~~ t~1 ntt.,.ttte t,ort.a l].nt.i prev;;~~c ,. .... ;,~u.-~ttol'\ r4' 

t h.~ o ~ 1/bden.UA Ofj 1. o•.~ ·~hoe 5 -:· o:cf,d(A. t f. Q!l 8 t .. ~ t !l e r.: t. ~8 

peroi•1orat~? i.~no re-OJ:t.di.aed t.n.e li.•J~IJ{)IJani.&m. bao~ u.p to 

o.~ent Qlld tl~u..e avot.d t.t\.e !AS~ o.t .aod'-UA ni·tr'ate t.n t~e 

ana~vaL~ prooedu.t ~. Tt:.e .fo7..l.ow~n~ t~acs 1Der'e par.torm.ed 

i.n oT'dor to ~t..n.Q thi..a poae~b'i.Ltt11: 

AU~u.ots/ ••• 
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be tlUtA:In tJ. 6 r_, pt i:~ oonoent 7"0 t ~on o.f 1 • 4 to 2 .o N. 

7 I 
.,..,~ •I f\ • • ' • 
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~ :: :l. : t.. : : :. : : : : .... : : :H:: : ~ ,;.: : ; ,. ; :: ~ ' : : : I :: : A '4U" : : . . ; ' : ~ .. ; ': ; : ¥ .. : ; .. . ih.tl t.t-i ' J..: . _ . .:. . ;_:: . : :; 
. .. ....... , •. "' --~ , ... :<w .. . • 1 o.!O, .... , ';'10. ... .t. ~O! . l ~, . .. a .. IMI ... ,.,.~::~ ifl-+ -1 ~- · 11 1; . ... . : .. ~ . . .. . ... ..... _ ,, .. . ·nlAro: . . .. ! • .••••• ' ., •. . •..•. •• •.•. 'P t+ 4 ~-<. - i r-
.. :.•. --• ~- -~ ·'!'·· · ··"J' ' '· .~.- ~:r:-.. , 7-:-:-:--:-7:1 t+·-- l.:-:-r::~:- · ·· ·i·'j:J- .... }~ ii1 ' 
_. . •• ' : .. ' . 'tAU.' .. . ,. . . .. ' . .. . . ... " .. .. .. rz• . ·a.. .. : . j' I , '"' . t r·r i ... • . . . ' i , .; : 'I' t f~ I . ~. . ... . "' .. .,.. .J.-.-.E os..._.,, .. ,E"' - ~~~~ER ..... o •IICic:; . , ~-· .. -; ••• ' ..... .. '·-- . • 
t~ ... , "'! . )( . c..~ ; JIVt:..K ·Jl"''UN ""'l !~rt ~; ' ..,-:. . \JI;lr.r--' ·j • t, . ,_ 1 .. -+-·H · l· . ... .......... ~ ... tj· r 

THE CURVES WERE OBTAINED !='ROM THE FOLLOWING TEST SOLUTIONS 

TEST SOLUTIONS TOTAL.ACtDITY MI7%HC!04 Ml 5M Na NO 
22· 1 1 · /0N NIL NIL 
22 · Z I · 8 N 5 · 0 1· 0 
zz . 3 I · 8 N 5 · 0 NIL 
'2.'Z ·4 I · 7N 2.· 0 N IL. 

FIG. 22 

STABILITY GRAPHS FOR MOLYBDENUM THIOCYANATE .IN 

AQUEOUS SOLUTION. 

~, 
I 
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tnf.a Ge 111A, ~tu.~tBfir "-r-c.:;11 j{;ue pN~t!e11t. or• rh,t. 

l'!'l oT'del" tc ~1;;~~0~t1 ti--ta tnetabt~ttJJ, 3 g. 

p'Lcmt lll.(\t.tH'i,a.L WB?'€ !H"'Ju.wr~·t tntu no1uti.cr. aB d8.twl~t.bod 

tn. ~H'HJti~on 3.2 • • a,.;'l-(:1 ttH1 renu.~tant ootu.et.on WG8 

t1•eatud £.n o at11•t '!tar rt.nn.YhJ7' to th.at i~e~uorM~ended biJ 

01\apGa.n (48). ~"l'r.ri 80l.t .. ti.ol1 waa ~ea.ted to d7'V11rt1as. 

lfvdrogen. pl':1roxt.de tro8 a::ld6d ark'S t}l,e BOl.l.'tt.or\ W0.8 aaai.~ 

ta~e7'! to d7"'tn:tBea. ll,tter bc~n.Q taken ap tn wo.i~(.;r, J alt. 

7C!fl pero~C.orf.o c.ot.d W(.H"·3 u.dded J~o!.Lowe~ oy a'Ltqu.ct<J .lJ" 

t ~a .s ;;a,nda~d ao "Z.ylxic;m~ eo ~~~t ton 1 to ob ta i.r: at~n tj'tua.nt 

7"'uud1.nga. Ttw o£m.p1.ex Wt..:.a J £..v~1cpoo 'b:; t,l~e pr(•oaot,.:-.e 

"tJOOlr&71VH1<.:led t.n seot~or. ·L. No c1odi,u,m n.£,trate wo.D ac.ki8d. 

Th.u trt'Lnamtaston ''o.l.!.WB ul£•re at .. -.bi,e ,fo7• a m.{.nt~i. pert.od 

o.;,r Lll'le 1\otH•. In (:J. B £.m i, 1-ar twr f,f.ilJ of expert~onts, no 

m.oLl:Jbderu.a lOCH> aild6d tc "t;!&.B p'l..c-r•t soi..~tton and tM 

O(~p·~e~ ID(J.B e:etr•u.ateti aa .:leaort.t""lc.i. Th.eee• Pest~l.t.e iDer-e 

7"6produ.ctbl.e. Tf•e aut'l.c.r t~ere,tore oono1.~~aed toot 

t.nooo•p c,.ete tv f).1; vd '1-St::d orgcHlt.o mate r\.o.l. l.'pcet t 1\a oxtcla

tf.or.-t·eclu.otton equ.L1.tl;.r•it.:.5 a.ad l)tlt.Hted t.Tlstu.tn.l.ttv. 

Tile C..•..l•li.tton o.f a~J•Jtun\ r.i,t;'T'o.te l.CG8 JOt~rld to 

t.norea8o tt~~ at(}bt Htij f.n ttJ.u a.qu.c;ou.e ptl,{,ae. Tlu·t'~t: iJ• 

o.f p te:n.t ~ta7'"1.o.1, wt~re br-ot~Qh.t in· to so l.t~tt ion :>3 dt:~eor\.bt>d 

t.n aaot~on 3.2. Tr.e ,f1,7la,.. so'Lu.tt.on ~ (l bu.'!,~ o.r .3 ·~· 

and ;.oan ti.nt~;d vel.i. JtD blJ tr.e tl'CHH~ a.f or~a.ato mc~tel"ial. 

p7"Ql!tmt. 11.~e tw.no-Jred _,)A·Q· m.o1.vhiem.m. WEJre added to give 

,.H,.tta.bl.e t1~ans~ai.ttartoe readtn.ga. :rne o<:ApLe.T wa.a deue"L

oped t.n t h.e GotAoeou.a ph.aae bi,; t h.e prooedt.lore de .eo r·thed f..ll 

aeotion 4. Net.tf\er eodtUA nt.tra.te nor ,terr1.o f..ona were 

ilodded. T"-e t J-GYHWt t ta.noe raadtr•g~ were recorded at 
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FIG. 23· 

TRANSMISSION VALUES FOR MOLYBDENUM THIOCYANATE IN 

AQUEOUS SOLUTION. 
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1 • 

5, E£.!7'1.0 ql':]rQc.k~..!l· r•tsaol,ve 4S (J. I?"'.a1 3 .6'fl;P 1.n water 

a.lld W.l~tl to i 'lti.tre. ~flli.e ,'Jc1,u.tt.on ooe o. cort.O-t:~"~ti·a-

tion of 10 •g~ Fe/ml.. 

6. ~~-i}Lt"':!.!!!t· Dt.,aot.ue 42.5 g. A. R. lia.No3 t:"l 

'JX.ltur and aa~e to 100 a'L. 

u.·H~ oJ' aut~o. t 1.0 pipet t e8 a"t;oi.de T\o;J;1.0u8 oar bon tet rc.l

uf\~crtee v~pours. EJu.il.1.brto.ta wtth. 5 ~1.. atannol•a 

Col.1eot/ . . . . 



10.3 

Oo~1eot t~ or~anto ptl.Oaa t.n. a reael"'votl'"' to 

zr-1\t.ot\ ta oormeotad a 4 r.L ond a. 1 ~?... ateto.T..a.t'bo 

pipette. Proapa.,.e J-"7-ee~ du.t .. iJ. 

12. ~~ AkgQaoL. 95%. 

1.3. .$ t~~r!d:~c!".!. ~o 1SJ.~d·'1J1L:~ ~ o1.s...~!.Q!!. 8..:> Lutton A. Dtaav Lve 

0.1822 g. cJ' 1 sptJpu.re' GiMl.Oni.UA a\ol.;_;bdate ((li1:£4 )6 

lio7 o24 • 4H 2o) ""' u:a te,.. ,;mu 1:r..:::.~e to a L t t re. Store 

t~ a poLutkane aontatner. T~e aotutton oontutns 

100 p.p.~. Mo. Sotutton B. oontatna 1 p.p.m. Yo. 

Prepa1"9 b~t dtl.u.tic,n o.f' aottetion A. 

T~e ll'JOl-~Jbdc.mtw oo!lttint ~r .treal~ oatoll.;;s o,f 

(l/l\III.Ol1f.ta ~ol-vWo.te sJ\.,)u1,d tB ot?.ecltad gr•o.vi.,1tetr-toa.11.1i 

a.e ~ ':300 Dtoo 1 LJbdc£ t e. 

£i,QQ;Wl JH.E • 

Prapa.re th.e ~aa..!' J'ii-at e ~"to.1.. 3.8 de~oribed t•rv.ior 

'.Pr8parlltion of th.e acwptar. we~~:~~"• tll1 a~·~quot o,f ttle sortl.)1~ 

Lnto a 200 •1. kjetdan~ ftaek and proo8~d G3 d~soribad 

under 'Pr•epara.tion oJ ~t;rlu ao~u. :l.cma'. 31le~1·e toot. th.e 

.ttr.a1. vc1.tWH., ~~en l.ildtweer•:! and 5 :aL D!J tl\e addi.tJ-ort oj 

p~T"oll.Loroto c.~:Jtd t.r r)ooesso.rv. Aid 10 m.1. o • .f t..)(l."Ct-n• a11d 

a1.x bv ewtr1tn~. 61JH1ar a t .h.in ft 1.11\ v.f pure grec..so on ttl. e 

ou.tat.de l.ip o.: thro ft~olt. F!.l.ter t~e s.;~utton tr~r·:>u.Qt\ Q 

9 c~. W~tm.:.:•n No.4(} p<lpt:r, wM.on bae !.i('Hm pr-9vtot.aL~:~ 

~~s1u:~d wi,U~ a fl.ot ao'Lutton oont'l~n.1.rtG h.~% h.!oidr'col•',ort.o l.lota, 

tr•to a g:-odu.a.ted 10v i:'£1. 8ep::.H·atlnQ ,/i.J.~ln.t:d· cc.:·r..tot..H i. tli.J 1 ~, 

m1.. aoncentt':J.tAd ~v.:! roof-.1ori(l oof,J. ~·ranr:;,ja7• th."J c:cmtemts 

o.t tttt-3 ./ltcH:JH; •1U..• .... ilttt •J.ttvetv, C~.tki too.sh. th.B Bii. ·:-oa. ;··~atdu.s 

on th.o • .ft1t~" 1ct.th. 1\c;t wate'~' ~r.tt1 t.17e vc1t~6 tr, tr.e 

j'UnnsL t.s about 80 m'b. .·3h.(J.!r;e tll.B J"' ... mn~;;'. co rr~. tx. Goo?. to 

J" Co:L t t!Jli.p t3 f'rJ. t !J. 7'8 • 

AdrJ/ ••••• 
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trfmJ:Jmt{llH011 l).t 47U ~...L • 

.A rea{:]tmt hL·.:lnlt mu;~t bo pci"'j"ormea. F~~te1• 

Trlb ~a X/ . .•.• 
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.2'(HJ. ,~ts;;. m~l.~bJen~ were added to 
" 

TabLe XI/ .•••• 



.. _ 

-{ 

.. 

-,a 

HdV~~ NOU.V~911V:) 

: t~ .. :U1 :.t~.tr·-~~:.: 2hl.·:t P.. : 1'!1 . ·t'!,;1L~tt~·~. -tlf!. H:. t!;,; !,~:: rr::.~;:~ .;;! . ~ .. ; r.;' !T ' .. ,. j ;; ~ 
• 1 -~ , -+ t ~ .... , 1 .. •·i . . - . , . . -gg· ; .. 1 ~ , ;., • • , • • H 1. . , . . . · " .. : ~ . : r : ; t : : • : 1 : : : ; : : ;: ~· -- ~;...;. 
1'·~ + H - i·H ·!-h+ .• . : ' •j1· ·,. ·H · Hl:r · ri · -·· _L .. ,_, •·-4· • . •. H~_: ..:.;.t:r ·;:+~-+ :· .:.J..:: .. ; tt- '-'"·r+ -i lf' ' : ~HJ' j 0~ rmt:!t 1-r· ~ H Hi ltf·~ ~Jt;~ 1.;.' + d·; ;. ' .I r .•. 1 ·~ q ;-- "T ' u 'i.H ;.J: ; I q '. -~ i.~i ..1 . tt ~t · 1· •· .. -·+~ t ... ~ -t ·1·t 1 .... t ·- ·t · -· t ~ ~ 1 . ·l t , 1 n t. t J ~ .. , ~ ,. .• .. .1 •• t t.. .._J 1. . .. , . : z 
. H · ·+ •. + "' . :; r + - 1-~t-. . ' • •·'' . .,., .,......,... •r d • t·+ ~ . • 'r J • '·"' ' • •' 'H·:- ". r · >-J. . • , , . ' •• -.: 
!• · t· ~·' h ·r • •·n-·•--L ·r .... t;,, ++r• . ; .tc .J rl i·ti --H• ·• t·•-dtr · · ;>~ Hrr ti-Tl · r"· "'r. i ·· ~...~, 



rD~ter~tn,
~ ~t t.on 
f Nu.m};H:tt". 

r-·-
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Tl\a aoi,jibjeau;·a o oat~;mt a.) th.e p ~o.11t auCerf.ai. 

tn p.p.a. wos OCI.10ti "Gted f7'014 th.e ~g. !aO ~VCOOllUol!\ 

dete~m.'!.it9d and tn.e Ba£\pJ,e wetgtt.t. Tb.E~ 10/Q" IJ'.oitvbdtmua 

a1,t .. ,ztJ...)t a.dd>9d ~tUtt dedt•o'too wl\e~a t~t.• app1·1·~<i. 1"'!~e 

real.d<t.(! a.re ,.eoo1'"dod !,;"l oo"totmn j'"t:.H3. 1"~e avera~e oJ coo 

twentv t~reo detenatnat:o~s woe ~ou;wd ta be 0.29 p.p.m. 

•·:J l.tJbdBnw.. Tfl.a -,.Gt to ~, et•o ll f,~HlJ~dt~o ; .. detem.'Lnat Lon 

to t~l.s auera.Qa Ull'HI oa 1 outatsd a.e .1. pt3roetfltaoa. TM.e 

·va-,.u,e f.a gl.ven tn ool·UM'l e~.:c. P1'o::l ti.I'Es~ e data 1.t lDOS 

oon.ol.ud~ tt.at tilts pPoo~u.r-~ gav~ a t?"U-e re.)'l.e<'.'ti.on. of 

t4e ••:>7,ybderna ~on tern,; o.f p LtJ.~t m{ltor t.al-. 

hl· I-!l.!t-~J:ll.w!-At~-Ei~~h:r~~'J ~ 

Th.>3 preo1.Bi.cl'l o._f tt.o mett\.od lDCl8 Si..,a.lrtv.lted aa 

J'c11.ows: A ~aaogenec·t.J.B o1.trua p~a.nt a~p"e was prepared. 

T~t~ was drted ~n a~ ou~n ~t 65° ar~ twRntv t~rsa ) w• 
.,l.ln.pl-6e LDere t!Jel.ghed out. ga,ol\ atlhlop""e W<.lS:J ~r..di.vtd<J·O•~ L~ 

c.Hsa.o1,vE.:d i.n t.h.e u.oi.d ~1..=t.!.!tri3 and t~ ~:~oo'-i.ibdenu.' oor.t.ant 

o.f ttwi re.'3tbl.T.tng eo~utton. '0t.}.8 deteT'fll.tr.ed ov tl\-a re?~'ldad 

prooeei!. .. ~ra. 

Th.ts serf,es o.t' tf:,'1t~~ was pni'j'o·'!ta.ed under ocndtt

f.ona n1oael.~ appro;.ctmatLng tnoa£ '-~'' a. roto.t~ae l.a.iJoi'ato~v. 

T~e teots weT"e ptir.;"'oT"med om:J 7" .; reri.od af et.me-r:).l, da~a. 

T\e }"O!)m temperoture oarl.t~d. Pre~ h. r-ea.genta toei'a pr-e[:>rJ.~c;d 

wh.e7'a r~oO'lWenda.:L T~a reeu"L-ta a7" .. 3 recorded f.n ~h.1.bts X1I6 

Th.e .ea."'pte lDElighcs mur~ej wtt!t e1n a~te.,.1,e" ( ' ) cor.tatned 

\n.o0f1J,pl.ete1i; oo:td f.sen CT'(;C:IHO ma.tarta1.. Th.t.a wau 

f.mtdonoed blJ th.e deot,:u~d !te1i,ottt aoL<;.t1.-vli ootat.nad ~n tPki 

/GJe~d::~rhl. "-rr~aslf.. 

Tab 1e X II/ • ~ • • 
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---~ 1 r p.::-r: ') 

No. do.JJtp~e - y (M - Y)"'-

(n) Wat.gl't•t llo 
Q• --+ 1----·. --

! 
i , _) .. (i2·( I 0.12 I o.os 0.0025 

:?' _3.0~2' 0. 1 7 0 ,01.) O.OODO 

5, 2. 9.95 ~ J.1 7 o.oo 0.0000 

4: ~ .044 f 0.18 0.0~ O.GC01 

t t 
,.) ) .. 06~· 0.17 o.oc 0.0000 

6' 2.9~7' J.1; () .06 o .ooy5 

7 2 •. 99-5 D .18 0.01 0.0001 

K '.064 0.17 o .. oo 0.0000 

~ 3.054 ' ... 1:. I~ • : ~ 0.01 0.0001 

10 2. <J87 0. ~ 3 0.04 0.0016 

p 2.9S5 0 .1l () .00 OwOOOO 

12 ;~. 976 (). 1 d 0.01 0.()001 

1J 5o00{) (1 .16 ().01 0.0001 

14 2._988 0 .. ~ 7 o .. oo o.oooo 

1.5 3.022 0.26 0.1" 0.0100 

16 5.017 0 c i -~ 0.01 0rOOOt 

f..., 
./ LOll Ci. ::.'£ () .. o 9 0 .[h.J 81 

18 3 .uo~~ 0. 1.) 0.02 O.OOC4 

19 > .o.a:6 0.18 0.(;1 U • UCJ>...: 1 

20 J.O}S u .18 (' J1 0.0001 

~1 "5 .() ~0 0.18 .) • 01 0.0001 

J 2.~? 3.028 0. 1 0 ' ().01 0.0001 
I I 
~----~:~6:_ __ 

I I 
0.1 7 I o .oo j o.oooo I r-..... 1 ~· \ 

- 1 i I 
(l .17 0.0272 

~~ .. L 
..., 

(Mean J. ~ (M - Y)c.. 
~-

I -·-----· --
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hondH3d id.l'-~ 6uBf1 c. ... rhj th-6 ph.a.sfi a~;.>a.rt:J.tton <.roB sharp and 

rapLd'u ubtatnad. Tho ~~tr~ntant ~~v be reuouered b~ 

ai.stl.i;i.atton. 11l'l.tc. 7'H't:.:.co~ t'>e o..;o~::~t. 

(t') ilQ..Q.Y.f..f:tlli.l_9:!!:l..£7.:{..Q..~ :i!1..2Tl· T ;lt... .; t.u t tat t oa 1 exam ~ rta. ~ ~-or• 

"01Jt-1a!,mJ t;tw:z.t t.~~6rc: tr. rh... ,fht~du.mfT~~r::a.t a1·ror 1. 10. t~w 

p?'ooe,Aar6. Tht.J atur..:l<l.rd 6en1,~ttort o .. ~ 0.05 p.p.-n. 

lftolr;,tor..1arlt.W Ui.:t.R ".Jo:H:Ld~J·~·d to bd s•::.tt.ej()ou·t.c.r·w ,/oi' ~!i.e 

~ecs1.e Clf m.o~~hden.um. occur'i'U··Q ;,,. p11a.-::tt ma.t.cr-•o.i.e. 'i'h.e 

..... anstt~vttv ?AC.w DE• ,/lP'ths,. t•pr<•'H:d et.r,h.ur· biJ to.r.;f..ng •l 

La:rotJr ~c.l!iopl.e teJ~gllt or b~, :.wt,lg o. /. om. 1,\.gh.t pn.th. 

Su.(lh, oel.1e wt~T'fl 11-c;t u.!J •.• n .. ~u.bLc: .jJr' t.l~b a.bov~ .at~O!J. 

In v ;..(-::lC o.i t ~. e J T'E-:G t e • e t.a.bt ;,. t t 1r1 r.1nt.i ot it&r 

tmproL'·-~r:~r.:nta, tt LB r,;-ow.m.GrKl::d t'to.t t'-~ a.bot,e aNit :<>~sd 

pruoo;Jui"'~ Da anapt6d to th.t1 l'o .... t:At1 .::lbtj~~~nat~un c~· rr.ci.!J!J

dt:Hl.U.i>l. '-"'~ p1c.mt ~a.te,•i.a~a. 
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