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Qllt'ljfi!O!)' ~ ilo «due 

......... :"Ln.:..'~< ty of , \1 

tlo J , to • ~1dt«Y4. 

to .0 

t :lt.htn 

bo -.('~.._.. oltl trically or 

drW 
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ft.G Dotort':W:tt iuc or ~ppn~~ \dt h oxll'lO ttl dos..:rlbed b.7 &1'8 (70), 

tnm whoG• ~~.ter the tollootng dtrtuil& tSN ~n. He uaoo t.o 

r~~J tn ono ttlO l~><d.~1tt tltm ~~ ..stJrr.l&d out. f-n .. !d aolut!on 

'Mt~ ln tho otlle~ -~ re-dl~ itt elk :unth 1r1 t.l''l fitnt ~tt~ad• a 

11' !.r.f;t .futc t¥ of . ~ eol.Utot.on or oxWt!t ln a1coho1 iff 'Vkled to tte 

·Mm flOl~~:tkma 'blrn ·t"M wt.th ~ettc.o nclkod~ ooettl\01 fi.M U:JJ 

to i reb1Nt ~.m·ty !Mrc~. Ttle :oof;,ituto t?htc~ reno !G 

,.,l tn cl otf, 

~ v.t~ u, 
su 1 pf: '!\rl. ' ~ td: • 

l'n tl10 . owotld t!'O't.t ~ tbo eol""t.Jon contaiai. ttL~~ ~~d to 

troc..~ vlth tm o~~ ot. ool\.tt!l ~ldo. All bofbftt, A f.'$ S()lut1or. 

ot ~ ln .al~iOl lo cv.Uod1 t;.h(! olutif~ ~ w rt:;-7f/'C, t:nd 

tho <::l .. l~tA fl\ ~ tnm tto <:ioltl ~lolu.ti®. tt to ~ 'l\):!Od f.f.ltt!Jt 

tt!~ 1. aod~ \1. t'tru t~cibttSan ccutatnJnc eotlJ~ h;rtlroxtdO, 4'tl4 

t:Snatly tJ1th tt!~t1th>4 ot.r. AD bltfl "'• t!" •t1~tt<m oon be 

e1 ·~t~t.od oStt or gn:.v1 vf~J.l)f ot> wl\Atri'-lau:r. 

~~ (fO) aiV«r -~ or Nt·~ lll tt-u\h'tt \t-• J'l' ultA or 

~ 1~ tcth p~ • tl.e COPtM· t~etnc e8tl ted o. tl ar b.Y 

-~ ot" by GU lodor"Ob-1\t; tltr.t.hm. Tt<ty ~ sllffic!ant. to 

t~., tl:o ••''""' cf tho mt.l'.odJ tJ-.e ~J. u.l.tn toDd to ~ n1te·t111w, 
firstlj 

~t w tfr:o,to or tJ<-c ~ ... uteeJ to IQ~&dblr. frto"" hitt tt(;Uf'f ~ ~e,; 

tt.o~ r.. ft uf'ft<; t.nt ~at t:J, utd ~ond17t too •.tetts t;O e ru-o 

s-!.l o .. l t! t ~ t.&!t0'4oort hle on'Or te t!hly M ~c..t c ... (;'(}..m\1 • ~n 

h'ur: t1fr1 St1Mt'Otlt ln tb1 rntl ~ itDolt. For exa"'Plb 1 tor tJltlccJ ot 

thl NotUr(O tl-* ~·"":e .. ~tom to o.ooPS g • • eteb aft~• ((}) Bl..,. 

(i ' ···· 
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.... 
ot nt#•l, •11•~~~ f~t"'lM !fi»l1 ~lue, &J.n(; ~d oobllt• tbl 

Ut~ .. y be eott• d 111 4troot fabbl6 ot tba ptoOo!r!tate. It 

tt ~ S.O. ~ pr~nt, tliQ tl!'e~ ~!+Ato l!.'lli!Jt bo ~l"f!M! t.fld 

ttt 'tied l~tt~l-<.41.1,-. (Jn tho otbQr ~aud. cor. ~ ~ be p1"'0o.;1pt ... 

~ ~ o eolu.t;lob ~ntatn•rac ~o, tmt.1~ny, m&>~llt.tJI'i GJJ6 

\.11\;c Ttbiob c:oprc> ... lpltil 4 w.tth <..'0 ~ :\rJ h~ tt!ri•ide1 t.mt.i 

wt-i.~ t.nt:m1bl'() !u au'bl ueni) 1~r"1c t1tft\tton::,. 

,_ ~e1p1tct.ton !o ~ tn ~lc.t a..:tk4ti~ ~14 

olntono o.t a pl '"t.~ 7.0 .. e, s. n.tcw pR e.o oo ~~tr..t~ticn 

e.;\:ut"'.1t wll!lb at pi s._ tho ~lpl\ to 1xtg!rw to dtosol,... 

cunsa e d (81!) that ve!"tatiOCJO 1 ') 1• ... urn to · m JJfJ Oll4 

1noC 1 U ti'te c!'.ll'Qt (Jt'l of' tJ ~ cU. tiatl1 In thO lVOlU!!IeCJ ef tiD 

aoluthmt do l'l()~ tfe \ ~ ~~ o cQ111.et.IJ ' t:1f t.ftd.p1W1cn 

(')t th<t ~r. J!e Ale~ ~~ th~t littJ.n co ~.t ~· ot ~Pr• 

!n 1. oolutlou OR deto&·.U.bht • 

~ •t.oltl. Xb tJ:: 6t'e UDWl11y ~ent, 

uo tt.e1l t"* ~intta.t!on So ool!; ~11 tlllr'Y• ll~ t~ cot.iMatlon 

t be (.(l"'J.t.. ~ ',;nit~ ot tho 

\(.1 u tUt'lr..olwd in o 1a m.td tttat.d t .. tt"f ceJ.tzr. 

A. tcb• ~ul d a!' h klae o ot cop~ 

ONe) tt ol.EW~.Pie {U.'l.4 'b:t b:nmow~. ne ul'fb fAt'e o::««)llont. 

Of' tb8! e~ u1 ~; fC'<D- ilt'l'( Ft~t17t ~ ot.bor t':IO dlfM bJ 

o.&1 from the theoretical value. 

of tl !a nt !c l!ttlo l~. it i£1 ..;;.oa~t<lorocl 

ef\~lt ..... 
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UMhl to f.nc1udo , ill lla111 a W~7 ot !to *'""t&a-~ 4S.. 

ft-...W.'P:I , J qtDted. ~tho 0:0~ p;q1lr (82) .... 

'tbt bctnaol.rla.t;Ql.e ~ti 1 lh the doW tbm of'~~ tn 

~•' b'ofto Wf4 a~ 1.4 1*'• ., t to\~in(r Oft1"' tt• 

h~ •W.~a! fodiliP•th:lo:2~to Uodt 

~:~ ~lu n ro.!d4 d!D~ol«ttea ot \be~ tbe.n !a l'f»Ulbta 

ln oU.l" ~u~, retn a mQ»!J.dialftl ~f.d at~t !D 

&.t91D~. 

"It pe tf.t re ~ l.t. ~ o1u.ttoa or \t ~· \1 lo to 

t btlpi\Jl 1n t.hl ~'. ot 01rta1n \ 1l'Oe8 w lch . Dot 

u f'tciont17 by noncotf.tU~S to Jleld 1tulpbt4e 

prectpitatton ~ ~ tt--oa. 

It ~ cleen loo trQ ++++++ • S• .,....,.. 
1 

" .....,. ..... ,. 

••••• t 1 in rf\wo 1n -o iO<tide it otlcm. 

J)1"0C1}r!ia 1!'61 1.* !pi tact tero l'fiP1d11- tJlXl 

~ . lit ot .sen. 
tt. 'btmao~le M}*Altlon Gnt • 

t 100 C1" co.tJ ,. tell' S, 

~tnatson. 

._!M ~1Ucul for Pftlv1plta.t1ur:. IU.. ~~-:..- tf...Oly I JfOW ( ~ '1 .C 

t.o e.a} t wl ~- lat1Wde u mit 4 tn tbo c.ndP,tde 

proc1¥JtaUon. 

6ft copurutJ.Qn b~ t.n~ot. ... !caol.e .a not pnu\lcal toJo t.el-tatn 

1.\,t'OWJt~ of nt Jl&l• ~t, oU~tu•• ~ 

't.l1l.n aloQ fl . .;Jl;tu..w, mtd t4 l~ bulk ot 

pt'tle$4 •tete/ ••• 



-so ... 

fhSD n~tion :Ss ~on .. l'lltlcd, Cb w. f.bt prov1o-a1 witt a oltort 

ltet of orp1c ~..tteo1ptt te 11l':!cb t!JS¥ bo od to dtte~ COl • • 

<J.>t '•~:-Di~em11~~· 

th1o '"'~ nt r~ 1igltly1SOl\lbl 00 ¥ ~ wt~ coppol', 

tnO~-bden • ~tate ~ ~!'f'al nt vaM.d~. It t.oo be n Ul" d 

(tm, 86) ~to tinatt vory sr.all uunttttGO ot ooppw ou .. b 

oe r.J ... bt bo t'ouod in l~"u:JtJ""iell n.ter. A o. G)! oolut!cn ot tte 

._,..,~nt Sri fiN b~rocbl(>rl.; c.14, or & t1 ted oolut!on (ubout 

o. ) 1n ~f! 

tQ, tar 30 ~m.atc on . tm:- bltt.. " .:'lJ"GOi_i'k.Ut 

fll tcr~ oft, dr!od ~t l05°C d wiqt..ed as Cuf. ,cu. 

(!1) .~~tzt~P!· 

ncl t1tro~!oD of tt-e latter ith pot$ab ey~do so.l.ution; 

eo Q1- tna to ttw. eau;:.ttona-. --.... - ... 
c~(cN)6 .. c* ... 2 on 

Iron llnd 1Dc 1ntet'£bN, btlt thl• r=:: be avoided b1 tbe o&U.t!on 

or .otl1t.Ul pb«4phttte. No reroronces re avn116hle to tho write~" 

~ roe nnd s~ (el) quote a n~rt• ( ti) (86) (07) (88) ( ). 

( U1) ~dine/ ••• 
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A noutiral or faintly uctd Dblut1on of a '-OPI.er ablt 011 

t;Nuthtnt. wtth ~1UJ:J tb!c~ ate too p;-ritltno proQf.p1.tllton 

q\IQ'ltt~t1'¥Gly d!t>Yrld•ne ... o r- dt.th1oeyancte • cu.(CeflsM )2(CtS )2 • 

ft ~1p1tato !a '11 torod off and lfSDl od l:b:$t 1rlth en GqUDO'ttl 

oolutlctl ot .PYl'!.df.M I.Wl ~1tllri thtoc,.an.. to• than itb t:,ndtm 

Gr.ld . ®i.ua tt..~~te in Clleohol1 nan dt.h P!lt'.hUno 1n othfl 

alcohol, and fin:J.:117 w1tb pyt'ldl11$ in other. lt :1& tried 1n a 

ant!mny, b;t.o~. C4d :hsm1 ro lUft1 1 , ll'OrCU'Q' 

( rcurio) • tin (ntozr 1c a OQ)) • t1ttmiUP1 ur'"""S""' end 

&inc do .not '~tt f\'lre. Cobalt, •rcury ( reurous), n1.:m1 Md 

~J . ,. intorrOl'O. n· ndv tDgtl of t· 1o t! ad ~& tte ~J'*)d "ith 

u~ i<;h an tino.ticm ~n bt . ~fot'TI.tdJ a cl0tertd.nution tsc:td to 

tam f'f'Qf't o. to 019 1 a. halt hOUft.. urtbir mfor t101l to 

~ontoJnod 1rt to~ mi:O~ (91) (9:) (9..,). 

In a ru~n~ !'apol" (04) tl ~ ... rtption it alwn ot tt· uete of 

SQ.l1cyltt:dne to mtoM1ne eo~r and n1clrel. Jlot.h <iO t• c-nU 

ni 1 re quzmtit.t!wl7 ;:. ipS U.d betlleel'! pll'a 7-n. ftc 

~ ff# t .~ dot ,.rinct!on ot both :!tl 1do~t.Joal. Gf' of 

uodiua tantato !a tt to ttl aolut'loot fbl.l.oucd by un C(!QS 

of' ~1~ und uuttcJ).iln~D()- solution (preptll'ed br dineol~ 

nal1"7lal ~ Jn a~ b~roxkla). The prect~tt.uto !o 

f'iltorud of.'1 .d ~d11 After ttr:·~ to Qer:ntent !ab\ :b 
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lOcPC. , it is •1ghed. A set ot G results for c:op~cr dotel"T":tnati.om 

~hoVJS a doviction of onlyl 1n GOO fror tho theoretical. 'lhe chief' 

intortoring 1om tlZ'C iron (ferric and ten"oUD) 1 vanwU.ua and 

but the reoul t& show that the applic t!.cn of aal:tcylimil\0 is 1 at 

J.ea&t, worthy ot fUrther atudy,. 

2 • .lnalyUco.l t lod FM The Detrf'r'dnntion Of Nickel. 

(~} lt.etl-oda Ia Jeh CoJ2!r ~! Not ~~~~e~. 

Th~ om..J.7tical llt'oooduron dis~,.-ust:u:~d in this sae.tion contrcet 

~d U; those Olltlinod nbovo 1 1n ~at the . jori ty are r.ot ::.rr'Oei fie 

for nic) el in th$ p:to&senco of copp&r, whoreoo r::ost ~woppor osti'".atiom 

my bo r)Crforred in tOO preson~o of '~iokel. There O.l"'Jt in fact, 

only two tr:ethods of any il!portnnce in which cop_,. r does not intor­

r~re. T:r ese '!'Mo ~tl od& arc die ousaed below. 

(.1) flt~ D&~ond.l]ntiop 0{ Niclo3l "it,tl. ~ -:f~~ld1on". 

'lbe uso of ~ -!urU41cxime tor deterr:dning niclcel hes boen 

~poeed by Soule (95), who stud!od it in tl c hopo of tindme; a 

:rew~ent uporior to dirothylglyorlm wd 0(.-benelldio:dm. 

His first step ".VOO to sbcn that it eould be ayntbesiaod ta1rly 

cheaply. He started witt· cor.rorcial ft.no!'ural1 which ho first 

convcrtf'td into furoin, and th.iG in turn. into flu-11 by ErU Fischlr1s 

mthod, sligLtlyD>di!ied. Th& turil wes ref'l1.1lC8d w1tb h~larine 

h)l'drochlor!do in tho presence of -mothtmol givine oc •ftn'ildioxiJte. 

- 5~ - / •• 
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~-furildioxime - nickel comple1 

tm pro~t Qbtai d ~ tO\M to be ;utf'!ot .nt.ly ~ tor tho 

ano.lyt1ual illY tS{ attorltt • 

D1 teylgl .. 'Orl!ro 
()( .b)Dfl.U~io:r 

rx. -t'~U4• 

7 tfR 
1• 41."'0 ,coo 
lt2,(00.000 
l161wo,~ 

(00) 
(n?) 

Ozt.'b' ono ~ ~nt mro ec.oo1ttvo to nioDl could t. 1'~ f:oo Q 

cetU:".;b or tho litoraturo , m . pot4A &i a1tb!o-oxA1 to (00) • 11oh 

ciws n r I' .nta ~olour o a!l7 vt~iblo in teet-wJ * n 1 tN.rt 

of n, clol prot:ont '!n e 1000 t OCO of ~lut!Dn. 

Teote t.owecl th t 'fery f'n 1cna t:!"'cip1tc:..ted 1th th ro ~nt. 

tt-o only cor: 01\ one · torrours 1r011J 1 tutt end pt~ts.num "llso 

auvo Jntc.1pit& s. In "0111 nclattcm 9UWtr; ·cp~r. thlo, !ron 

( teld.c) , "hro te, alut'.1n1W", "'obel. t t 

~ witJ OL-ft\t"Jld'loxirJJ~ rerro !ron, t!OWOVOl', P,VO f1 cteonteh 
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colour in an &J~~ronit..cul solution containing loAn than 1 port in 

-:> ,ooo.o<..o. On tn~re ing tte concentration tho col<>'.# ®.rkoned 

tbroueh bluo to parpl 1 untU finally _:;u.rple precipitnto tor d. 

It won !'ound, t.cmover, that if the o' - ttu-lldto.-cimo wc.o not purified, 

Sf)Wl'Al ions t pru-fiic\llnrly <!O!Ji..Gr d. <,Qbalt, gaW Wote wit} it. 

The r~ttod or o.nt.lyuis adopted woe CD tollO'JIO :- !he nickel 

tJoluti om was dUu.tod to lw nl., ~ia. added untU tha colution 

I!J~lt elightly or it 61ld an ext-or- or ~ diorl reagent added 

sl<W~lY with ~tirri!lg. The preeipitf.te coazUle.ted rapidly, emt 

tho nicml w tl">..o.~ deterr.dned ~ one o~ e. nw~r or methods . It 

c0•1.ld be deter iued directly tJy flltet-ing off t.~O prociritatc 

through Goocll cruttible, was~ing wit.P w water, snrl weighing, 

1 wrnatiwl y, til ter p.1por wee ws•d to separate tl!e proc1p1• 

tato, which wao thon rodiseolvod in nitric aoid1 ft.-e paper pulp 

WftU l'Of"Oved by filtration, and the · flltrato evaporated fto:r 

additiO"l of com: ntN.ted sulphuric a.eid, This alimnated mt<;Ofl• 

nitric acid and organit,;; atte:r. The nickel was dopo:~ited ol ctro­

lyt1(;C1l.ly f'r'om tbia solution o.ft&r it bad bomt r~ nr-:moniacal. 

:t 4>1rot, care wes to.kon to rera-ve the lMt. tr \0~ or organic 

~tter end to~ D$eure an eloctn>lyte r.aving the c~ ctoristic 

"olour of an ar-oni,u(.4l. ooll.ltion. •xt •::..::1 diPc.overod, bomver, 

that tJ,is n~ llll:h&C$Dee.ry. SolutioN~ w.cying from dark rod 

through )'OllOW to vio~t 1 are clectrol)'t'ed w1tli no anx:..rent 

difficulty or d.1!fet'9l'lC to results'.• (95) . 

tt.ird procedure used by Soalo w ;a 'collecting the diaxi1llo 

precipitcte/ •• • 
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precipitate on a fllter pa~r, drying nt lfltP - 150°C. and t~e!ghlng' 

(prti~GumabJ.1 u.sirlg counterpoised filtor J?6.1;Gl"f.1), 8.!ld then, as a 

chock, ,,gniting to n.ie;keloUt!l oxide 1n n ~0'9'Crod ~rueible. After 

tl'...e oxide bAd boon woiahodt it was come:t"tGd to the GUlphaw. 

This t.:.s disoolved in W4ter end tho nickel d~terN.nod by olectro­

l~~ic doposition. 

Finally, the nickel could be t.er'r.Jinoo cyano.,trically. the 

precipitate at'ld fi-lter pape:rvrere tranefer:red to a beaker containing 

nitric a c 14. On l ~ting, tt.o procii>itate diosolvcd a.nd 1!'!06t or 
tho organic tter wllS det:rtro~d. Tr e solution \fa$ 1"11 terod, r nd 

m"'"Ol'lium fAl!'PUlpbate cddod to tl.o fil tro.tc • lf}~ich Yr89 then heated 

tc doatroy t~o last traCCJt; ot orgenic r: :tte:r. Tte ni.:;kel in tris 

eolution was thGn dotel'•mined by u cyanide titt-ution (q.v . ). 

()(. -f'ur1ldio:xit:!9 y be used to sepcr .. te nickel fro nine~ 

f!'tOl'lgtme$0 or eoba.lt, but offers no pa,..ticuln.r adva.nto.ge over 

d imtbylg~ vi~ . Fer .. ·ic iron also doeG not Jnte~f'(!ll'O as long 

$8 ta~1o or citric eidt or thoir sodiu.D salts , are added. 

Citra.tos Md tt.l!"tratos 1 however t htlw 4 tendency to roduco forrlc 

1one to fer:-ous ions particularly in t.lte pro~onoe of sunlight, 

ru-,41 o.s f'el~'"ous ion interfel"\)$ 1 ttere 1e a danger that tl'.e nickel 

~cipitate ~be contSPinated with rorroun fu.t'lldioxim. SoUle 

has sM\m that this ~an be avoidod by the addition of s odium 

pyrophosphato, or tJittrply by fil't»ring within half an tour of 

p.roeipitation. 

Tte rcsul~ quoted in Soulo's papor ru-e maufficiont to 

alJ.oo/ •••• 
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&UOll Of M ~tJ :to of tl C~,outQC)' ot tJ•.. nJtbod• .tt:o \ they 

~o or.a. thAt it Jo prob&lbly cr the o4t!O ordtJ:r tl.o.t. obtt..iuod 

uaing d~th:rl{(l.)"')n • Tt41 f'tWtor f'ot" tf\.a :1icl l•f\&rildJo'X!J» 

~c1rU:ate !s • tl011 ~o pa..-ed with . roa1 for nl .... kol dt thtl­

gl)'QX111&te; tble M thAt a J*,rttoul.a:r woisht of' n1 tt.l!JlW$ 

:neru-l)t twice tti \lOtgbt ot proc1pitate \rtt.h ~ ~ 1ldlolf1r.e t~· t 

it r.ould with d tbylglJO • 'fl.~, toQotber ~ttl ittJ !ft'~Ate:t 

o=1t1'¥1ty o.nd ~ h.ct t t tl'.e td.o 1-rurild!o:d,.,. ~tJf.!PlG !tt 

~,g ttolublo in oloohol thM the nt"btl-clim~by~J...lQ1ti• l'l'"!¢t ~~ 

be it c;1•tl7 Yel.UQ.ble 1.'1 ~ dl~rd..nAt! n of o U 

<'IU!lntftt~ of nl~ 1. A t~ ~r }"0-l t, in ita tavol.ll' !tJ, ot co• , 

-...n{>'f'l!I'J' 1 ~ 1 18 ot !to prico t v1•• 
5/.- ror c:o (li.D.l . CatnlOC'» 11948) • tbo '-«Jt ot 25 B• ~aR 

tli!Dthyl{;l~N • wti~l' ill ioa ~ainst ito · 1D an:y but 

· 1\poc:.d.ul'-"d m1rk, 

(ii) Tba ser .J. tio.t or Utclltll"l"' ot · r J~..mnt.!l Dy • c, ide 

-- .lrSISllOIJ I 
; 1 

An ext~,..11 ,f'ul l."tlfOd,. using "~nl , l"h ena'tilo:t 

nickol to bo O&t' rawa i'to Cllum!n1W!!* to'ty!l1tu:tt -eel )!uri, 

~.-1 -o , '-O l.t• OPJ:Cr'- St·on, rar~ganaso, ol.ybdcm 1 t6!l'to.lun1 

~il1con, titaniun, van ~lu 1 t.ung~ten and s1r .... on1UD l ~cently 

boon J:.Ubl11l~ (JPl.). Tho. r•o1ution ie t-'"" «-ted with oacoea J»taea1um 

-..JI'll!do o tbat W1e :pt'1l ip1wto .. ic!o t ':int tot'm 's i'editlsclftd. 

'lhel ... 



... 57-

Tbe cyanido f'orm ooditiotr ~OI"'p()unda t'litl the r:ots.l.o thw -

tii++ + 4r en· --+- (111(CN),) 

llydrogon ptroxi~ 1a lilued ~.d the sol 11tion boiled. 'rho nickel 

11dd1tion complex is uncho.nged, but the otluw <..ocplrutes Ol"' 

orld!sed, e .g . 
(' ~ ..- ... 

2 L Cv(CN)6j + 1~2 -+ ~ Co(CN)6 + 2 oa 

x~ss peroxide is re'I!'Ovod by boUinst, and ~de!".~ and solid 

d~thy]J(l)'Old!!e added. 'fb fot"all ~ selectively decotlposos 

= 
~ii(CB)~ ~ 2RCEO .._....,.. 

Tho nic.lrol is then procipito.ted by tl-<~ di · tb:lg~xim. Alto-rnv.-. . . 

!'lt<">trically. Iron e.ru:i cbrom!'WI'l interfere; iron it e-ctro.ctod td.th 

1eo-propyl etntn" • •Uld ehroniun i.e conwrted to cbrotcte wit h 

por~hloric aoid, the cl<roBiur boiJJe volatllisod off by he ting 

with hydrochlori" acid. 

A. eet of rcudin, ~,.; for fi t:UlQYJ sh::l\ta oxoollont resul to, 

tho nwruce erroJ" bo ing 1 in 550. 



tbcxi:J r~ ub .. l In 
t l . J& 11 I i t1 I 

t 411 o #Ot'O Ol"'tQnt proc:o6.u:rtaa fmo a1cJI8l1 in :ltl.'ling 

of~, the 4· tl---¥~1 o , r 1 Into tlio ooction. 

C'WW 1 or ·e re ontll doscr1be4 t~ ~eve y dfn d 

1n tte tMct!on& l!nl vr1th "'~l"J !n tl888 ~ t.I'A cml.)r 

o.M1t1om 

CI-I-C-C-Cl-1 
3 II II 

3 

NOH NOH 

N; CH-C-C-CI-1 
3 II II 

3 

7 ~ 
) 

0-Nijz 
6n is a white t..l"3QtolliM eolid1 fJOluhl.e .tn ~tb ml t 

bat lnaolubl.e 1n tor • tt is 

t ! q lromm of tl e ~onto 

ot 

c1pttGmtfl, 

t'ltGt 

tin J J)r'f.n;:,t­

of' f.t tot' 

tbe qutJ.1tatbe ~1pit ticn of ntc l by lr'au.t (90), .nd 1n 

1~ ,~J~~o) 1"" ..... n1 ...... 1 I "-· tNf v.naw~ .~ to ~tim~ ¢Mil • Sntrod\lct.~.Vn e 

ltl.ll~ in the otudy or on1e m nto Jn lnorganlc G.ncly.l!D . 

1th nl~;k&l• di th~ gi ble, r,ntDlltnc , 

br11llant !'04 aalt ot dofW 1t1on, or a h~ ~ ot 

'Olli hJt!ro:ddo, 1n oolution$ of -:t"!)Jllutt eolto• in a o 

t.he reage~ U'Ul in d!1 uta solutt w o CMet!~ a. 1d cont !ling 

p.. c:1p1tction/ ••• 
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precipitation is !ncompleto in neutral solutions of nickel chloride, 

sulpbl\to or nitrat&J 1t1 towever, the fr e acid rorttld !s neutra.­

lised Tl1th r.oditm, potatlS1Wi' or o.r onium b~roxide or by the 

ruidition of 4\c:ctat..e $al t$ of' tr.eee hues, aiclcel ie corplotely 

pl"'eeipito.tod), 1.111 cyanid solution 1 1n t:J.coholia soluiiiom con­

ta1ning not mro tJ en S01 or alcohol by volute, and in concentrated 

solutions of eobol t . 

It& gt"(}Bt c.dvantoge is tl at it ill preGipit4to nickel 

quantitatively :in. the prol!lence of co~lt, and .in goneral t rG:re are 

te\1 interferitlF ions . disadvantage itl it8 3n!lolub:11it7 1n l'IAter, 

80 th':lt tlict'O in Q 't..$ndenQ:,r for 8:JeeeGS of tbe ro ::-eut to pt"e~ip1-

tc.teJ t"-is d r in all the greater if ec'balt itJ present os well, 

wlJen excoos ~aeont rust be fldded to corliine with the cobalt. 

urtl'ler 1 too much e.lcohol inererm&s t~ solubU1ty of the 

preci pitate (100} . 

Very forr 1ona intorrero w5th tbe precipitation. PalludiUJS, 

however, ie }1"0Cip1tated in 'lkly acid or lfeakly a!'mniacal. 

oolntioM • Ae a ga!'.eral. t"Ulo it 1s bett»r to eliminate m:!bert5 

ot the bydroflGn :!Sulphide group before t he pl"ecipitation ot the 

nickel. 'l'he 11 teruture, hormwr 1 t~rcds to bl r ther ~ on tte 

extfmt of their irrteribrenco, and triO atatot:onte ant generally 

expressed r ualito.tively, Q .g., 't:'t.>der&te a.mounte of' eopp&r, arsenic, 

ool.ybclenW"' nd probably sevoral others of tle eroup do nat inter-

to ... • , ( 102). Tho detnile about coy-per, in pt !'ticulnr • are vague. 

In am&ll ~.;oncontrations it giveo e. ver-· delicate colour reaction 

with/ ••• 



with dir!lethylel}IO~ir:n, t~hi~;h wU., A<.:tually detect 1 l)at>t in 

1010001{;00 blt does "\\t precti'l,itut& . In fa't• ttcif (105) actu.a.lly 

ueeo dimotbylglyoxim to eopo.rate ni ckel. f'rom oo:pper on a micro ... 

DC$ltt 1 tho ~opper boing ostinted in t~e f11trhte with oal1cyl­

Ald(t.Kim . However, when • ru(.h oo~r 1cs Jll"eeent it Jl'!OOt be 

l"Crovod, aa al ould rtmt ot the otMr ~fl'bors of the hydrogen 

&ulpl;ids groap' (104) . No qu.antittltiw quaJ.iN.catiorw to tte 

'roderato• a.nd •mab• co.Ald, h ver1 be found . Furtl"or d.!s­

cuosion on the effect of the } reaence of eoppor 1 U be found 

in the pr~tiet\1 notion ot thio ot-k. 

na,id&a pa:l.lad!wa, gol d r.nd pl atinUJf! a.lao contnrnnate tbO 

pro~i itatG. Silicon and t'tll'l8Dt4n 1n runcr..mtG up to a ~ t1ilJ.t ... 

gran-a do rtot interfcreJ in groater aJ~IOtmtB tl oy I<U!lt be rcroved. 

It rucb terrouo iron 1e prenont the roo~lt..-1 tend to be 1.1gb. It 

thia is tl·e cQSe t l0 iron oJ:!oW.d be alddisod to tho forric state~ 

Jld to.rtM>ic aQid addod1 ) roducing a cccplox tcrtro.tA> whieb does 

not fo1"1lJ the bydro."ride wttb ~1'1oniun bydroxid • 

If iron, al.'W'dnitw* colnlt, ~~se or zinc a.ro !4':asent 1 

tartario or ci.trie aci<b ~ addsd before tr. solution in made 

~oeplete and the procl~itato formd p\ll"'er' if Oll f\Xe&efJ or sodium 

acetate ~'lStoad ot 4"T'Otliutn hydroxide 1o addod to tho we&kly acid 

solution. f.r~ ~ne-rW. proc:odur'\! !n t.he pr$s&nce or eonl 'obal~, 

r.ango.nese or zi.nc is ae f'ol .. owtu- Any iron prost nt Je oxidis.,d, 

•~s oddioing e.t)Ont rorov~, .md tartaric acid added. 'fha 

solution/ ••• 
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solution is dlluted a.nd boil~. Aftor the solution ban cool ed 

tho p1l 1s c.djusted with nia to 7. 5 - 8 .1 ll:'ing an indicator. 

If preci~ !ta't.e f'crm it is dissolvea ttitl" ~io ~~:1d, 

n 1r0n~ tl•en boin« tldd&d untU the 'lolut.ion is ol:tghtly o.lkali.M. 

Tl is io ror- ted until tl..o solution is clear trhen 1n an ... .lkal1Do 

ste.te, wh<'n tl:o solution w cid'lfied witt hyr £'o~hlor1~ acid And 

heated to 70°C. P'imtlylgl~i~ in a.dded , foUOI"'d by ~ni ... , 

untU r..roeipito.M.on iD '-O"'I letc . flo solution iD hoa.tod to 

coagulate Uo f..NCi itc.te, · ich 1s fil:tt.rod o~"f, W1".3bod and 

weighod. 

!M di .. thylglyoxtte, ill tho for!! of e. 1) l~l1olic solution, 

1s ge.nernl.l7 added to a ware we kly aeid solution or the r\1cke1 

~~lt, Md al'!~nia than e.dc'!mt. 1'1-1~ ,t~l"O<.eduro givoo prscipit&~ 

which 1D l!Cro et~a .11 y fil te rod. 

bon ~oppor, ~obfllt ·emd ~anese ~ pr n ~nt, extra unt:l 

of tl-, re e~t "'-'t bs lldaed, es thooe :loar react ith tt, ll.l!d 

extra ti .. rust be ll~d ror r~~d iution. !!) r.:w;b fl.!! two da~ 

t-..ay be roq~irod for the 1.00r- lote pr.o~;ipituti<..n of very o l 

roWlts or n1 k 1 fror· col11tiom containing cob..lt e 1ta. Apart 

fro!" tho us 1 t""cd of dissol-ving it 1n 111'-ol:ol, several othar 

Hl'O tor proparillg the 1"$Bgent hevo bean s~ted. Hillebrand 

o.nd T~undeU (105} sw t :tts diaoolution 1n rooniu., h,:iro-xi.dcJ 

ra_,ey (106) has re~c" ~ndod tN.t.t it be dieeol~ in hot water 

ccnta.ininc o. Tja sodium hydroxide . Recently, Rrlitb$1 (107) htJs 

clairnd to t.\IWG improved th~ tmthod by 'I.Uin~ 1 go" of the l"Gflgent 

disaol vod/ ••• 
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dissolVt'd in 100 r.-1 . lf&ter c.:.ont ining 1 g . sod1um porox!de. The 

set uti on th1m pro~d i» cl iT"tld to h.o.w the ad\nmts.ges of e l itd.nuL• 

ting the sl!ght 3olubiltty ot the nickel dimthyl"'tyoxir.: te in 

c.J.coholt end boing L as e:gpon~tw. Be published ~e fo).lorring 

tablo to justi£7 his cl uim 

~uoous D:i.nfthy1~1~~1~. 

3.28% 

-s.a~ 

~.29'/ 

,. "'5"' 
,.. • ' I 

Vary sbortl.1 &.i'tenw-da, t.Ottevor, it 1JM nhown (100) that 

tri. r.eth<Yl t.o.s little to roco1' nd it. In tt:.e f.imt placet 

unJ.®o tt.e sodium J:-eroxidD ....nd dirlethylglyo:dw aro dissulvod 

1n not lCYJil titan 50 rJ. . &tar, tl.e rea~tion is d~,...erotwly . 

violent. l! urtl..~ ~ , • it o :tld o~• tht. t tho aodiUl'l pc .·oxide used 

by l:aithel as • .Jt frosl, , but sodium lt)'drv~!do •• • Our deterr..lnr:.­

tions ot nickel with tho rMgent .t:tt".Oj .moed in this ru-er l"e 

u.nsatiefactory, giving reou.lts o.r. to 0 . 4j:' t<>o l i~b , ow1~ to 

.... onta.mination of ~ t.a nic:t«ll di~thylgl~inoe pre~;i_ ita~ b1 

ferric h1d"O ddo . Sati.t:lfa.<.:t.t)%7 results t'fOre ol tajMd ftor tJ-,e 

reagont solution ho.d be~n allo -od to P.tund for tl roo wee lUI ct 

which tir little, i ,t any, p;ro~dde rel":ained in tt..e ~olut.ion. 

It waa alec aho"ln that 1n • u ... h sa d1mtl ylglyoxi!':lt i& a d.ld 

reducing agent J it ~cs cra.d.Wllly destroyed by oxi<hition by the 

peroxide t cons iderebly r,10re r apldl7 then in eodiur hydroxide 

solution' . (lOS). 
A/ ••• 



1.. .ol..ort p:..po~ (luO) }JUblis~d in ltr.4 FOP0Sed th•t, the 

contatd:lat1on ot tbt'! nic 1 dt·-oth:lclycxi.r.» pt'Oeipit.t1.te !th 

copz« could be ~nted by tho r-rolit.1l.r.-ey ~it!on Qf soc:liUtc 

b~OEJul~U:e (Jui>t>4> to tho oolution. !l ~t!~ ot tlio 

},nr..e~ I n ne<lo ~ i& vot~ alxntt ~~u:..nt1tct11 deWl D ..nd doe r.;ot 

s~ to 001 r&lr .. tion between tbe a:GUnt of ~oppc;'"l- .fl~On\ ~ tb0 

Qt'Ot\1lt or 1 yd • Ullllite to bo uMett. lio r'!!~ r.o tboot'Ot1oal. 

trJtpl~tio111 JJ1d ~ cnly ~ rt!:£ ut t .... tho l,o! or 

QO¥;«"•nf.~~l loy, >'~ld.<-b aavo C'ood reou.l ta - ~ PQhlts uro 

dl""":.G~ in :P..:rt ~-

Dir.cthylglyuA.~, tban, 1D ~ ~tfa1d t'd ro ent ~ ni\. 1 • 

.Al\ h?rtnb JlOt ns 4~1UV$ ~, r.c.r.e (e , • ()(. ""fu.r114t~d.t'l8) nol' c.&e 

~nt J.O. o~m (e .. p . ofll.h,y aldo:d. ), 1t law tb.o ~~t. 

t.ldvantaeo or b)tng t l~M.wcy ...ooao (~td. }:()It 2J3 e.. .a-
.D.JL. Ct tD'to~ 1940} . 

!.Ul.:t. n~.Utrrsmtiiji, gr ,a..w nstb pS.~AtozJm, 

o<:--t-onxUdi0¥1r , tl th!M or tbo diexirio Wo r~r esti .. 

tina 11lcbl, 7W9 firnt P!~ll to the doto~tion or ru \..lel by 

Ato.ek in 1 lS (110) , UG :l!~OTI()d tlat it; U!lO .t~iU§ -:~ extrcr~ 

delic' tD teot fo1• nh.lml; ... apablc of C:.tuot!na 1 p..-u-t in 2,000,000. 

1J:o tent ia ~ doli ~te tot" nl.;kel 1l1 tho p-ono -._e or "''OOO.lt thw .. 

t.l-lt WI~ di~ttyl~ycntioo; 1 ~ or. ni<.. •l in l ,OOO,COO Sb tOO 

prc$on..-.o of 100 t1 .s Ulo e.oount. o~ "cb~lt 11' ro'ulll.y d te~...tod by 

()(...l,e;;1r.11dio:doo . Yorrouo s· l ~ • tJ11 .h ~'~.1c..e an ill~nao I"1nk ... ololl! 

with d1r.;othylcl"tl'd , do not r-tf · tlio t"OO'" ti~w.'il tot.10en ni(;'t.ol ··:nd 

~-bcnzildl~mo . 
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(...uautitativGly it is nn ~ceilont reagent for eatime.titlg niclcol, 

perticularly in elrllll amounts. Its applio· tion ia restricted .to 

the deternine.tion of &~all a.n'!Ounts of niekel for two reasons, 

firstly beoauee the t:~xtro!!'ely l<m $olub1l1ty ot tho roo.gent (a o.m~ 

o.l.eor.oli~ solution fa used), ma.lce:J the voltWCe imtol-ntd• except in 

the .lotort'lination of very SNlll •r~unt6 of nickel, 

iJ!l1l'acticablrlaree; socondly, because the tMtor 1.t oJ)].y .1098 

W:'ld a srAll azrount or nickel p~ o. large quantity of precipi­

tate. · As o :res·ut it ill general to setir.-ate leas than .025 g. 

nickol. 

A. -o .o2;f alcohQ!ie aolutton of the reagent 1$ added, 1:Q tb& 

a~nie.cal nicltel aolut1on1 and tt..e procipitatod ooaeula.ted by 

hoating tho whole tor a tew n1nutee on a wo.ter-beth. An advnntage 

or tho pro~dtlre corpared with that involving the uso of dimethyl­

glyoxime is that procipitation ia covplete within a tew ninutes • 

ins~lld or tbe lon&or ti,. (genoral17 ~bout on hour) neec:lad com­

}.'letely to ;p~i.pito:t.e and coagulate tho nickel di~7l.gl~imate . 

The ~oipi~te io til terr3d off through a G~x><~h• waahod vitb wqm 

sot fllcohol and hot wato1'• and is finally driod at U0°C. Tl'e 

fiul. Mtimation 1o gxoavir.ntric, the prtttoinits.te being weighed. 

llo volumetric wriotioM nre ~ntioned in the pe.per (llO) . 

Ignition to the oxide gives untJatiefactoey rooul to , due 'pos8ib11 ••• 

to the retention of' small arounts or carbon, wn tbough atrrOnium 

nitrate tJta& added be!ort1 tho final igniti()n'. 

T'he/ • •• 
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the t"eaulta obtained using this procedure are oxcellent. 

At&clt (110) quotes c set or $ resttl'ts, which give on the a.?&l"'a.ge 

a deViation of 1 in 400 h'olJl tbe tC.oretical Val.UC'$ • 

'rhe 1\'flthod give$ satisfactory t-~ulte tor tho determination 

or nickel :ttl the presence ot cobEU t . Owing to the to~t1on 

of a soluble cobalt !Salt ot tl'l& dioxime~ exoees or ~ reagent 

r!~St be added, the preci pitate be1ng 'WUSh&d untU tlw filtrate 

is colourless. A set ot four results for the detertdna.tion ot 

nickel ill tho . preso:ae• ot cobalt is Included, 1n Ate,Qkts pap8r, 

giving en B.'VQt-O«e &tv1e.t1on ot 1 1n 290 from the theoretical 

f 

In tt. ~en~ of hton, eodiun ~1trat& is added to prevent 

'l:.bo iron from precipitati1lg 1n aN:JOn~al aoltlt:ton. !the results 

of t~e eetitretion& reported~ Ataok and ~don iron­

nickel mixtun'Ja dtmred Qn the avera.s- by 1 in 250 from tbe 

theore\ical v$lues " 

In the pnsenee ot ~ese. ptecipitnt!on w effected b7 

thG addition ot a td.rly lfll:'BC excess ot 4\11 alcohol1e solution • 

of ?'(•benaUdf()xi!ne in slightl7 acid (aqetic acid) solution. 

'Sathractory resultf5 wnJ obtained' (110) . lio figtns ve 

quoted. 

Zinc or n!agn•iwn arc l$pt in solution by thG addition of 

0 large atroun.t or O.II'It"'vtlium chloride;, prec.:ipitation being p.rforn~ed 

in an arr:-oniacal aolution. l.J.n4er th&se ~ondj tiona neither 

In the/ •••• 
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In th prosenoe ot chl'omlt~, the precil:,it.:\tion 1:3 au-rlod 

out !n dilute f.\f"mon!eoal solution• "ontGlnble te\rate .. The 

nickel pro~1pi~3teo q~t1tat1.ety. 

lU.trateo .1nwtore Wld t tb'a.i; bo re~ by evaporation 

to t\a!Ua w1th oulpb•1c cctd. Cop.«r nlso 1ntorte.._, tmd t:IUI!tt 

bo rer.owd etth'ta' b3' h~en ttulphido or b7 sol!Jt otb$r euitilble 

tbod. 

4 d1s~~· of the ~nt 1G ito c;oo~, 'ri1. U/6 ~~ 

26 g . (B.~.ll. CtltaJ.o«t~~ , 1946)1 thouah 1t can bcJ oynthes!oed 

"te!7 oheapl.y fJto1:l benaU and hJd~1ne ~t;hlOl'ide. \'he 

two ~ bo!lDd tot;etbtr ill tb1l nl40bol .. ott tf ree houm • 'fhAt 

prec1p1t4tct ftnttod ID ftltol"'d ott • hod with hot WClW and a 

e 11 o.t:'OUftt of' SOf. alcol1o1. On dz71DI tt sbotllcl eomtat of 

v..u-e (X -benztl~ ( .ptt 2s,Oc) . thO ~thod uo!ne this 

roncent So ttOt eubjeot to MtOh 1fttert'e1'0nce trotl other lora and 

sueb 1Dtel'fol'CMO GCJ c:1oea occ~ oan be fc:Wtll eool~ 8\l(trd8d 

oaaiJ'JB~. A. big diaad.vtAft~ of tho roa,;ent fD tte veey al!ght 

eo1ub1.t1t,', hlcb no' ol'llJ 1totc& tl;.e .- of 1 

qwmt1t1ea of al~CilMlln the pt"O~tl.on of tl'le ~t, but alao 

mh8 tho ve>lUl'$G ~Wtl •17 '"~Of:'le • On t.be 1rhole the 

reault.t obt hlt'Ml ~ tho me ot thta ,..,agen\ oro u.bout the e• 

in accurao7 as thm obtos.a tXJtlll! 4tnatt~,-~~x1•• thoush 

o<..-benBUdiorlYJI) to t:tupot'ior forti eGt~ :tion ot •rvJ.J. 

q\lflnUtD:a ot nt~kel. Ite dis~teges, 110Mftlt 1 out•!ab 

1to adv'nntQgea, and it Js not extel¥'1-ooly ooed. 

(Ui)/ •••• 
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(itt) TtJe Eotimt1on ot l~lel !% .. fi~t1on 1tl\ Potaautum 
s Ore>:! de. , • , , 

or wlur.otr1o ~· tor dete~ niokelt the 

Cytlni$ V~Gthod .!Q thO t>M rctSt COJrtllf)nly tt~ed. It fa not a 

good ~thod tor an ooe8Di"nel est1mt1oft wl"•re a hJ.gh d&gree 

ot .. eoUftlcy 1o Hq1.d.red. ItrJ Im-tlculAt us Ia tn the ""utine 

dotet-.J.nati~ of nlo},l 1n .tto and Ol'('S, wt.re tbe accurao;v 

requll"'$d !c not too h!gh. The wn trouble attend!ng ita •• 

~ the !nd6tiniteneeo of the final d!a .ifJOO.'t'nnce ct U o turbidity 

whl~h ~ \he e~t ~tort'! nation or ths nd-poSnt ditNoul\• 

'~he at:curacy .11tt&tnabl., doptnds to ~>l!.ik\ • c:on!lidertAblo extAnt 

on tbe O:.P$%'ionce ot tlle eaperitNmW ln o.ae•tud.ntr the tmd• 

f.OL'lt of the titration. On::o t. 1183 1iw1do.r4Uo4 b1a otm 

p"CcodUN resul.td or good a.ecuracy C4ll be obtained. 

f.he theory of. tho tbcd ~pend~ on the nctQtion in tho 

to give tho tm"O atabto ~1de complex ton. ... -.. 
11(l0ts)o + 6 a + 6 ll:P ~ Ni( ). +6 ~CH. 

If potaea1un o~tW. 14 c:\dt3ed to a eolutlon conta.1ntna \h& 

n1oke1~ ,•fnt.t cor,plex 1-tb co• aUv.r iod:l. 1n •uapencsion, 

tbo OJUnide •111 Nao\ prefarent1al1r with the co~ untU 

tho cbotQ reaction has pe to c<=plotion., wMnupon nrtJ x~e& 

'-7Q.ni<\e will J'(taot 1r!tb ~ silftr 1odld&. - - -I + 2 C ~ Aa{CR)2 + I 

i . e . tho !M<>luble oUWtr iodido fot1m a solublo «>~lex El.nd the 

turbidity/ • • • 



twbidity or tba eoluti~ wUt dia~·!~&ar. 

TbUtJ J 1 t u solution con't.ain1ng ni .. kel 10M • .CM"On1& L\Jld 

n!lver !Ddlde 1e ttvated with potassium c~1de1 tbo preGohce 

ot o ~$ \:YQnlde will be !ndic tad by tho disa~-~ ot tlle 

tUI'bid!t,,-. Tho eitvor iocl!do a~ts ce 012 1nd1CQtor for the 

prt.can<* ot a~ ~~de. 

'.~'he pottwoium c~i"- aolut1on car.1 be atf;nchlrdiuo4 cWl.D.rly 

b:, tl.il'ect t.ltraUon 1r1\1 a a~nao.rd snwr n.tts-ote ool.utton, 

whiob ~te vitl\ x::ot«eciU~J ll~1~ to fOl'O th• c~lH' KAg(af)2~ 

if a aolut10n ~~ta:ln~ iodide and ~)&nide is t1trato' wJth 

stl~r n1tru.to no preoil~ltnte .tarrn un\11 tJ:e e1lwr ~ent is 

ooH then equbalent to the o)'On.ide prooent. 

Thl tllt1tlCII'1 of ni.Jl<el bJ tlds. . thod, tt.n, !IM)lws tt-.e 

tol10$1ns ltet:e .... 

1. ,._ ~,c.nido eolut1on !a f!Jwt ata.n64rd1eed \l!t direct tltrfltJon 

with a at.Uld:\t'\'1 aolu.t!<m ot •1lwr nitrate in Uw fl"OC•ACC of 

po !: 1odidct J.ndl<*tot-. 

2. 1otac.:lum kHJide end a ln'lown volutle ot eilv&r ld:tJ~CLte (ot 

lcnQwn not't"Alit7) =e ~to the oolution, wt.tcb is tb8n 

Ut:&Gte4 with ti1ct B\ortdszo41Sf.ttt ~Willttft O)'(Ulide !!JOlutton. 

Iroa, ~ILUIIIfl,t ~~-. 'ftrllldit11!S1 t:Ol~nun cmd ~ten 

clo no\ ift~J ~,., cobllt; e.n4 shlo do M4 t:Uat therefbft 

be ,...,.4 11 :pi"''Jel)t, . 

!be pl'OOtd\n toUawlld 18 quite c~. tbfJ Gtll.y., intiors 

be!ttg the uo.e ot enwr nit.l'ate solut1oal ot dlffe.-.nt -.ol 



and a~. Vogol (lU) and ClC~C$ aM Cola~ (112) reQ'Or.lt>en( 

tto additioft or 0 . 6 ~. ot a 0 .1 1'1 .olution ot $Uver nitrate. 

S 1lvo~~ and Oatoe (lll) !1nd S!lwrlfQ:l1 ~ on4 l a.l.tft' (ll') 

•o a o.on 1 colution of which 5 m1. 1e c&led. scott (US) 

reQO dB a clM!Donal. oolu.tSon of wt.icb 5 ml.. tma added. lJl 

prQCttce. tbeJio sa 11.ttte to ohoooo between that!. 

!te sU1'&1" nitrate .solution should J»t, llC$e\l&r .. 'be at.rooear 

tl.Gn &tc~t aa tt.ere !a o ~l" ot th oU~t- lod~ 

ae\t111Jfl oi& U a c~ FNC1p1tflto. A lutp UceDS Qt llt.T.«tia 

lll0t0.4 be tWC!dect Btl ailvw iod14e 1G eoluble in ft<'*J4 . 

fo •= \l,Pt• Tho Clf.Wi.de Utra.tion 1c f.\ ~lWJble 10\ltine 

tbod tor n1cbl an.el)'U!t, beintJ rapid Olld conwnt.tnt. D)' a 

aubJeott• a~laatSca ot tbJ proee4ure -..lta ot ~oocl 

ac;o.urao1 can be c~tas.d. 

(!v.~ y. !tf!Jrr.W.tlon Ot Hlol'tl ,t\h 'alloJ!fll~!!!!· 

SaUcJl-.l.doxJee C2M 114 lite in the pn:ratlon end dot4rabw.• 

t1on ot copper b already been cleactt1Md (p. N) • and J.t botl 

._n --.t~ that &irlce both oopp:Jr tme1 rdotel en quantitct,.. 

tiwlJ preoiylto.tetl by the reagent• and e!nce COpJ$r is oot!plete­

l y M~ at &. pH 1Dftt" than that at which td.ok$1 st&r~ to 

precipitAte~ eall"CJtcldo~ ~ be "!J9e4 not. on~ to teperat. 

and eau-.w OOPf.e~"• but elM to &tten!Do tbe ns.ekrll in the 

tiltrattt b)" a euitable &djus~11t of the pH. A\ n pH of about 

f tht nlcbl 1& precipitated coapl toly and •r be di~Jsmd 

'b7 tU~rillS oft aft4 wespblg the preciptta~. 

rt/ •••• 
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Itt ODl.1 ro 1m to ret!on ort0 n&Ut1~ poSftt• 'fla• 

tb!t o~U():)t!ou ot tbo opt! tit !bt- tbt ~elpf.~titlll ot thlit 

d&;;ktJl- about -.h!u:b ~ fa OOM <lt~ f>t c>pbslorlt 

JUer (3'1) ,. \be p!!Ootpt MM .of nto1tel trr; a aolu\ton 

.kb !s j ~ cw!d. ~ ( 116) o\a.t.ee u.t tn t'.btut\MJ "'Oft• 

ta1n:bl3 uluct ~ l<M" con;en~tiot8 ot ~W'lt oolto, tM 

t bo oot"rt.ed out ~a Jit ot nat.~l:r n.l. oa 
ot llOpJd.n and tUtc:oe, r_.t4•t (Uf) 

&fAIQU, c pn or ~ ., to I • ~--0!1 tOI' ~ ~~lpttati« 

ot thl nl4)11a1• at-~ (118) Lll#o oerat'Ctt.M \bl d l tree 

.tbltz. aol.utlon. Dto ld IM'l4 lrc.«t (M) etaw tts~ the 

q~tl\llttfl\ prect 1kt1on ot nlo'kel-n~ at Ifl '• cad~-

~t!om pod~ M Ct~ ha~ 4 I)! btgb M 

9 .9 atw atta~--ta.ey utts., 1aut t.tat Qt. ,. pt· 1~ V 

rwult~t are tow. !be)' e '• 'porbt.PJ the enct or othttl' 

eAl.ta Gtf..t \be aolubilltf of the Dlct.o1 So tbt oose 

ot •laao• t wt do 1':0\ cti:l'ry tbe Nl\tel" ~ ~. 

· G l10Jl41&.«.1 to en Q(; .. ut • Anll ~cf.ee te~n\ tor 

dol:ol. &k \llt111 oewb !n dupltee.to, r .twn h1 P.Uq (M') 

1n ~ dete~tJD ot the "kt.l tn tho tntrnte ~ a oPf.e 

Q~$l.OD1 ctoJI t\ '*\, !&'ico of Oftl;rl ln ftoo t.Jl.e 

theoreti ~. It to ~o e ~f -eomonfbnt ~ 

to .ark 1J1tb• On the a.bi' at~ J4 ~ tntort~Uf.'e of cobe\lt. 

Aleo 1ta COG\ 1e !,!gb, .U. ~ pt"t IS B• (B.D-.11. Cct.~,l948h 

tl10~b 1t c.cn bo o•tly OJDth)Oloe4 fYo1a tnllqltlldehJdo (27/6 

p11'1!/ ... 
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per 600 I • ) and J:,~~l~~- ~chloride (!4/'7 I*" 500 g. ). 

S,.ld~tq tho two in ~u1valetlt quentt~ &.n4 t-.t-ing, A yield 

00,: ot tho \tl.t-OMtiQ&l is ~im:t4, wi·iQb een bo used tdthol.lt 

s.ny cr)'tltell.ieation or pu.rltica\ictt. .Saltql~&:wtr» de~es 

ttlow~ !n·oaluttott, o.bd t'be &.~1\~ ~ ue ~d 

'lit!". d!tt1Qultr.. Jar th!s roaaon ~ ~t:£C~t &bou14 Q.'lwo.JO be 

prepmtd bouh • t#ld r..tO ~at tortJ tllUD S ~ oltl t1houht be 

\$0<1. 

<x~ I! ~Jtl!et,ton 2t. ttJeJJ!i .nJ!ih.~i~llie!Mal• 

fh8 usc <>t ~ no PJ"e~11. !tent, nnd thtt q~\ioc ¢l pil 

~ ot inte.tfbrhltl ~1~~ t.l.l..O bean ducrlb)d proriow:tl.J (p.Q). 

Its a.ppUc,~~~<>J) to th 4ot4"""'btnUon of td,c,klJl ill dolt to Barg (ll~ 

and ~llm'Jl! the ilCG tom ae tbelt for coppw. fhtJ niollol £a 

p:t~tJ·ipite.W 1n a.n aettt!t) ao1d~o41ta etcotate eol.Qt1«m of pH 

o'botlt s. n~., J"cwtwto t:AJ eit.hor be b!~ &t 1crlc. d 
wt·Sehocl ~ Ut(C#tOU)$!,~ fl{J; or it 1:ll7 bo *1o4 at l«l>c. ottd 

Wtllighed na th ~*• No pro~· Sri s~~d br tbe-~ 

who gi~ a. ftJ• r<~.mlw • tbch uto# W;m\ the ~ js tatrlj' 

O®'Urcd·~At ., but they d() not e.llow 4A-J ~ Otfbd.t& opinion to be 

stu. ted. 

(Y.~l . .!m l:fj!a,\!211 Of M!UAliJ. fm: E4~ ~'.!J! .. ,Jld• 
1'~ •4 tf.ndgron'" · tbo4 (120) 1$. a 'fOl.um~le ~tion 

ot ~ ~tbrls1~be NtllOdt tho •tsSmtJ. l'*t»~• bctiOwr, 

wCGt not aw.Uable, and tJ)$ ®17 ~fOl'Ol'loe that tt:~& • . .t.t.r ~ould 

f!mt ~ inStiQtt's tatcndar'() "'thode Ot Chet!t1cal Anal.)<ola' (ltr.t). 

'tbe/ ... ' 
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Tba nickel to P'"ipitatod with d~lg~mo in tho auo.1 

11FO.Y • a&d tbt) ptOolpito.te in f1ltere4 ott ti.l:'O~ a qtaanUtati'" 

tilt. ... Atte:o woah • tho r-l'Ocipitat., ~el' witb tbe 

filter, 1G UM9terred to a btal!$r, ana cU.asolwd in dUute 

eult:taarht Clotd. The oxoue ~io acid ltl d1lut.cl .ut 

t,two:tod ~k with ·~ oodt t-~. The ~·t'~B 

&litr.:ent. ozoo tl:o ec:ute fll theBe i'A tNt db.eth7111JOX t~~tbod. 

'lt.e pro•d"" bee b&on dtn91opocl fn Part 2 ot th~ u. 

1'1 e or a.U:Qll ~ideo !u ~ted cbatdafts7 hoe 

uhaeacty 'boll\ outli d in tto .,.ct~.on dMlhW ol-tb f.O~r. JJfckel 

oc.n ~oil' oipito:tod troD boilb{ colu,1CD 'b,y t! C\Mit!.o# of 

an ~llullt eydrox it the •Glution Se trot:\ ar:-.....oat_, 

h:td~.tde » c..M ~~~ eltbel" &1~1 pDl''fnilpba~·. ptmxUo 1 

b)tlob:rorlte or ~htontt-. fhe t trOthc4 ot proc1pttats.on 
I c. 

~ n&&rlJ neut.J>a.:Use the aolution w:ltb scdi • ~!dttt ~d then 

toG P>~ olorlly 1tb 1t1n1.ng :tnto an os~o ot hot alJcalw 

solut1co of nlbl.i (not. Mr:on1e) ~l"tlttlpM.te • The b~ 

torr:ed ~ til~ ott Nl SQn\tcd to tbt od.de. 

fhio prol:Clduro ~ 11~ t.tf advantaae to ¢tttt!r. It ill 

tnacJcurute ~ of tto rotontfon or tbe al.Jr:Llt"' the pJ"G<:ip1-

~to, Trili.clt it1 AltJo contomna~d with $1l1con. :ror QtJ)' dl 

or e.c~vocy it 1cl m~tU"Y" to pe~fol'l!l a double proc1pi\at1on• 

~i..ng tha P'O~Od~ "*l'y 1Abo1"10UI• 

('fiU)/ ••• 
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{viii) The Preo1_pitation Of. Niekel .As The Sulph!de. 

'lbis method1 like the previoue, is co!%tpletely ol:eolete. 

Jf.ckal ca.n be pncipi tated ~d tl1 hytlrogon sulphide either 1n 

acetic aa14-eod1um acetate 11olu.tton or 1n atttnoniwn su:t.phid$ 

eolution. Both !$thode~ are unaatisfaotoryJ in tb& forner, 

precipitation is usually :bloomplete, and in t he latter there 

is a tendency for the niobl to pass into solution. A l~ 

nUI'I!ber of ione in~tere • 

(a) The ~~ination Of, t!ic!!,l !ith, A!tPrfPiJ.io Ac!f!. 

lnthranllic acid ~ not e.s good a reagent ro~ the O.tert!'Jna ... 

twn ot nickel at! it is f'or the.t of c;opper. The original 

roothod of precipitation was to add tho reagent to a boilblg 

SOlution with C.Oll$Unt stirring. The tJOlution ie boiled f~ 

sovel"al minutee to coagulate tt;e precipitate, and cooled for 

10 minutes. 'lhe precipitate is fi1.t.<lred off, washed first 

wi th o. solution containing 51 of the reagent and then nth 
0 

alcohol, dr~d at 105 c. and w&ighed .. 

Shtzmtln, Smith and Ward (122) studied the etteQts of 

buffeX'$ on the precipitation. fh&y showed that 1n unbutf'ered 

solutions the t'$Gul'tt a.re lf highJ 1n oodium acetate ot>er 11. 

lOWJ 1h uodiW~ ~te rathtW htgh. The two results given 

fo-r detemi.nations 1n a~nium acetate solutions ditrer by 

only l in 500 rro~ the theoretiaal.. Considering the cheapness 

of the re~~nt, and tl1e r6Sulte quoted by Shennan, Smith and 

Ward/ • • • 
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W3 rd• thin ~t w~ aeetrt to offol' n wry co~nicnt. .thod 

for the • t t. tion or nto•l oru.o tho optil!Uta pli cond1t10M have 

bcctn e~rdSotH! • 

.!.~). ~~ .~P.tt .~~ 9~ »1 ~. ~.lth ~'A~· 

Iiebel pW>o!p1to:~e 1rith PFld:lalt just as cower <1oft 1 

t~ tb.1 ~~ Nt(C&Iifii)•(Cis >a• !be ~rtnental eotadt-. 

tiolB i£M tl'tt"J _, 00 tool() daacribe4 W\detl' CO~l"• 

Dobb~ ~ S~ (US) bet ~i31'"Ued o. 1'0lttmt%"1c 

variAtion of· th~ n'bthod wb ioh tbD7 ~~ !8 atfr<*O.te 

boGt '\'!Olumttie m\tiocil 1 aud l!!Q1"tJ ~nSent. Tbe nicl$1 ~ 

preo1pltat.d 1dth P1'141~ in tfle •U£11 •'1,. ~pt that 1notead 

9f ~d11 l ~4 t..r-rC!Jlt_ tb!oa~o.wt ,_ uecea of a 0.1 H 

nol.tttioa of V'Or-lwP! thio~te 1tl added , The T"Cipita.te 

ia ee~Qto4 by N.ltra\~ an4 trotJ tho til tro.to Ill 100 f"ll• 

<!UqUC>t 1\\ dtsWn off, To tbia 1e a&Se4 llll. . nitric ~old and 

4 rc ~d ~' of Oel U sUY.sr n .... W.Ute. ~ ~:~ceas SUftl' 

z.1tr :t6 !a tt ti~tod \xLck with the 0.-l fl w:. n!u. th!o­

c~to ua)ng fel't'ic ale • W!eatw. tl1Jo Ntbod ¢o.n be 

• d fCJr both cobalt and nic::kclt :J.f both Al"8 procout• .tJle 

n1Glcal ~ UJb!Ut axto dote~ tot('UleJ!' b,r tb!o r.ethod an4 

tl. .nickel detottrd.nod ~paratoly b1 dbethylgl)toxtn.. 

Tho autttr.re she two ~etf; cr s~ POa.dir.p to 1ll~tttAte b 

appltca.tiQU Qt the r.:ot.l.cd to tl·o detiau.··Mnaticft ot n!.ekol. Tl'o 

f':h"'Ot eot cs.~ ll. ~roue of c..om g. ntcla»l ~d with 

ti·.e d~teylgl}~ld.t~ ~ ot o.OlP-5 ! • J the ttecond aet gives 

a. rroatl of o.oooe g~ ntml oottparOd with the d!neth~1,oxU. 
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value or 0.0506 g . 

to judge ~om the above-mentioned paper this would appear to 

be an exoelltmt volumetric method. The :results quoted are good, 

the method is quick (th& estirf'Ati.on being perf'orl'I!Od on the t.Utrate 

a'f'oids the necoss1~y to drain and wash the precipit&te) , the 

reagents aro cheap, and tbe end-point sensitive. 

(~~) •.rhe .De:tep~~~~i~n 9t ~!c~}. ;wttt: S~ltcntmme. 
I . 

~he use or ea.l!oylimine sn tre determitultion of' ni~kel is 

i .entica:l to that previ()U&¥ d~cribed for ~ determination of 

copper (see P• 51 } . Tho results obtained in nickel estimations 

s~m to bG' len accurate t.he.n tllosa obtained in copper determination: 

A sat of six resul te included in tl-.e original paper ( M) show Bl'l 

tWerage denation of 1 in 400 front the theoret1ea.l nickel content. 



11-.o th~ ~oo t,;f ~tatt~t1":a My be rou,1lly d4rtf-.d .QS the et~ 

end lntOt1}M\c:tJOft ut ~h:n~-. ~1-at!Qf¥3 • Statf.n'l~ crst.l.)'e!a ha::t 

b:wn a.s1r-Hed 1n the puat in oti.Ql~ rte1a& M b1oloG1~l. -~ tl£1"0not"'Jc 

~C.Nl:1 etJd 1:4 •~tt.dn pr'Obt\l• !n -.tOt"fQ41 1nduotf'.1• ln re~ftt 

b-'ftat'CJ tlAlt.>e ( M boen Q ~t¥11 ~V tG tlSO tQt!IJth:Ul Nt).!)(Jo 

1n !nt€~rpt.-&t1n« <md <.:Ot:Tit\l"!BS ti-e rcoul te ot ~7tk3l de~1M­

titJl19 . !lJO ~ o'tltr.i:t~ ca.t:not• obriourJl~. mftfil ~·tnu 

t.ht+t 1tJ not~ i~li(W!t ln ~e dakf ttoSr tum.tion 1e to 

nlq>ltt'J ~ ob3e~ttf)r t.to ~ulta . In ~t tl<O only "l!l.tt~ •7 

to ~~ t:to OJ" "'01'0 'lii'C!t~ 1Q to ~pe et4ti:Jticall.1 a ~ 

nt~r of f'OOUJ.to: olA&UlOd b'J tb$ teO of' •• ..,.toua l~""<lt.ne. 

t't-• J.!"(lten\ w~ h18 ~ oxt,eus!ft uo• or ttfwtt•Uoal 

t~~J# Ill tho· tbt~ ~ both to at-.t\\1 ·the t~ ewd ~i­

tudtc of' tho ~m fnvol110d Sn Oral)* J.*~!otllcr at!t\ !r.a\ton1 WKl 

eloo to t\l!bW e. pre~!ae ~~Sa• ot tt..e ~~o~ -.~ o4IJ to be 

r:md~h ftl.e fe)UoO'~ · fwto quonltt!et t.aw been ~uated i.a ecch 

lbJ ~. llmtt!Hta ( <r ) & A ~UN of tN.l ~·f'Ooia Wf.i rJr 

reproductb111t7 ot tM ~lEl~lt. • It !A Olt1D~4 ac 

ulxmrl d • . Jlcv!at !ot\ o.t t1 roli.Ultna !'!'om td:.~ ~ m• 
a o Bw.-.bor ot tOfl<l~ .. 



Jlm.Sil"W' ( f ) Je a. to ~Uft ct thfi cctuat corro•tl.loars of the 

~tll to. It ks doft.o M 

n~ore 4 • Dl'fi&.t!.ott of rMd~fifr &tm tb.l t.boor4t1cal -.al~. 

n • litd.- or madinp. 

of ~"\h #l.Q~f' ana ~1b111ty, l .o • • tbe ~l\mO ot (j ~ 

f tho-.:14 I» flt"AU• 

l!lo.l!tltaM.t.&:fa !n .. (!acBtlt1 {t\ld'. tbat ·tn 87 ., or~~­

~icu1 it ..SU .., OqUAlcy ~1.$ that ~r. w!l.l be the o~ ~ 

or 'J~ leao ~ ~\ att tb»ft ~ gM~· ""• tt. 

PI'Ob@l.e Enor • f x fJ~ O..!o.t~). 

Dst.ilea\lld . .IDllr (y ). h t!t~e.t"d ~t!on eal<.u,,u.W fn>m 

n m.t~ of' f'Ol".i1. * ~41 .lh S. Uable \o ~ 1 'V'U. Ot"t'ot" the 

tb ~ ~J.ug. Ob'tiOlDlY, 1-owo'Vm"j tho l~r .a~ t.M t!Ol'ft 

"'fT'~~~- it' ~ ~ te, .ood tl~ r~ l!lely t\ !s ~t tbo 
t be 

O!il~tllnf.ed nun~ 4evi~UGQ !a 7COr:NJOt 'fnlU&• ff·ff G~"ldard 

ft"Qr !e tl~• ~ u::Jecl to ~ct ~ a~ fln'lat.ton 1t1tb 

tlo ~ ot reatU.t~£'~0 ~ fn. !te (>~tattc.. It ts ooftMcl 

+ e ... ,u;, •. u • .. 
!tJ~, 't1~. the ~4l*d ~A't!ot'IP to~~) ~Gt'.OO qy bel \dentt• 

C&\1 tt.• o~ #ft'Oft w!tl be the 3 . cmly 1t the o~ n\l't'!be~ 

ot/ .... 



-16-

of t-e1ld1Dgtf ·.ero u::Jed bl oMh ~. lt; l..ooever* tho l'l't1dJG~ ot 

readl UD«l W dlttb:rtnt, tbfU'l \ ~ t~ ldd~. ~ \'tln'O 

~re n 1~ wfl.ll~ ttlo • llcr o\L.'lilnrd ~~. !ndlwt.Jna tlte 

•t6ll1tr oheo ot onor nt:.u.tt!ns ftoon ~ ~tnch oll!!'plh'(t. 

In tbo ' toll •fl(l uot of r. ul. to Sa wr.:.M~i&d by 

tbtr table in wh! h tl-. act,_,_ ...W ot t1:.e abcno touP q\l.Oa)\1• 

tieo bcon 110r'Jtecl out for t::oee nmutte.. !'t»t ~tift 

VU1~~. ~ 111. fJ:u. 't'&ltata ~ or ~ ~ ctt thlir doJ*tld ttl 

the a'!OUC' or t tan<:o 1 e.nt.. l'or ~. t.t. tvo ~ bol.CQ 

oWI~l7 of equal ~~7 tt.o~ tbe ot.tSstiCGl tens 

dQ J."lbed ~wilt bt dU''fe.-cmtt-
l I Jte!ll_ltil. r 1 e u It 11 cl•ti•r•:el!!5 · • ,_. 

F<>IDI• 
..... ... ... ; )tfii ........... Vl .. ,. .... , Jlaa•l'l'n.•tt-'*lt""'llll1lii 'Jt . ' UWl I!.Ul1.el#tl¥1W .... :ol at .... tt Lilli' • 

. l.OQO 

aspq·f, bl l]t ... l ' .. t l1 .. 11Z$0$l .. (l l'ft PlfSU !11\lllil ....... t1 1• -·-@1. 1,111!$ 1 II. 

n ~ t to '" ~ reoutta a 

b ta· t'f.f~ lrr..:ludod fn ~·,toh Oll the' ttUttfttltta:l gS:.eh !a tho :flfet 

tublo at ~ po~. 'ft · tmt · te e .,... 

obJolaw luoo t:~t t! 4JU t q 'ltl«t ror • ~1~1ll.M" JFt 
~r ta.t present. . · ta..... eotKl ~<1~ tl to eot:t»t1 

~~ and ol~ din~ ~t'\p.ll'S.O. lx1-~ tllfl 'ferioua ~ ods 

toM !1ede. 



.... '!9 ... 

~~1 t · -...op~r tNlphato, ~ tr · NO:tl'Qtal.l.ieed. 1h ao1ut-fOD3 

oo " ~rdtled )):j elo ~ 1 iOI'ldttrlM'llDilt!oa:s, 

wt tclt ~ • r~ t.toolf P""'S,ciUOly tl o~dlled • ~t c. 

culb!ioquqtly ~pc:.ro4 by d$~ Wit'~• recr,ya lUMd co 

t.a~to \rt1l4 r«rt.l:l:,y · tNt for r-otble oltomtloft 

1n t (l<~ltSo.a. No @r zv.ll w ~~ lOa th\ 1~ t 

tiiil»~· 

tancSat-d niolr.ol •ol~!o~e •" ~ ~ ~· ·tt 

l"G~ tall.Jatcl :;1 bJl .on! . 19v.1J;i-4tftJ ~ c;t"ado. , ~~ t I 

~ ... t:O!:Ift to 'bo <Wbclt ~ b)' tAtrto c.t•lbe4 by V«;ol (125 ) • 

ft «J.f.t/ •••• 
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thctle solu.t1cu ""' then 6tancl~itled •1~ ct1t'leth71&1,ox1r,e, the 

ttiulta OBt'OOine to vith!n 1 in 1.200 •tth tilt} ft«<t\1te oaloule.tMd 

rron tt~• we!gbt Qf ui~k•l ~ni't#.l sulphu.tl) ~nt. J)~ to the 

slight oolubiU~y tn lll.col,l)l of tbo ntol«ll-d thylel)il:)l"'..J.IIe 

4041\i(.)ll c:o~, the u.tta 1~ ttt.tbrlal,cx1at "' the loww 

or tho wo, and t.t-.e 41rect calculaticm b)~ lgbt \'faS the:rttor& 

n WJ ot.wtdAI'd. ~ l1ckel A a!ua &ulpha.tA toun4 to 

l"G In Uft.tlltel"t4 ~ a pr!od ot t'IO MObthl• 

lt1 t ee or botl corp.r ana n1okal. the ccocentrutioN& of 

tl'A loao •ro Smo;m wltb ~tnty to w1tJ ln l tn 1000, Wld alt»ttt 

otl1io:l~7 to tthln lin 2000. 

! • !t,t~ S parl\tion.~~ · tl ... ~~ ~~ ~Ef!! ~.N~~l. 1" 
Salto7l&lt!.oldr.e • 

Saltoytldoxif:e .to tlWthfl' of~ 11 ~ oxJ ente 

cnwh os 41 JlB~!nt, ()(•f\U"il4t~, 0< -bemUdloxi t 

\X -..bon•ot.wJci ; 1.tb!.~h ara· crwmg tt. boot orgrutlo prec1p.t:tan'te • 

~ t#k dOJWJ 011 !t Md the traton. t1on aft.Unble tn • in &DBral1 

laso tl.o.n tl~t Qll ~ otht'rs 1 OZld tor thAt hiiiOb It it.' ~m1de~ 

}-ere 4n ~1"0 (fo~il t~ ~ther' r&Ooganf.a in later MC\fOJWl • Atlotber 

rt!ta&on tor tr. Mlor dioousaion 28 tb3t it !o a~~ ~t 

in. co~r-rdokol ~11fl1t:tt Sn tbat. lt ie tl~$ ot1ly reasont tl :t 

o-cn be used not only to ael*f'6te ooppet' hom nickal, bl;tt ~ altto 

bo uoe4 to detor '.u both. 

!!·e r..ain poin to b8 itt't18Btfe tel'l hete •• 

( 1) A to~tlon of th &C\;Uft\C~· and pret)1a1Qn ot the 

mthod/ •••• 
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-.thod. Frolll ~!a S.t will l» pgor.rtble to. •Ub'1S$h it! 

.W.Jtl 1 l"1t and !t.G ~or:p~t"4t1• ~l.o.tton to the 

(>ilt·er eu~ •!dely l:noml J!ll"occdUfOel• 

(11). ft a t.w.tic:n o-f th& optt P1 tot" 

J»"'Olp1tat.10l'l ~t!on, ~ ti40 ~t)&ottcn 

ot tlto t:~· wltbJn wld.ct~ 1ft ¢0 et., eo 

Vl4t a dH !Oil ::1 bo 'botleen tJ. fiPio: 

r.tS.tr.ront ~tJ bJ th:t lt ~. 

(W). A ~ lw etudJ>ot 

co~ 1nhrtol1ftB el.c~mo abcmt trf,f4h tl 11t.tJMt 

atw to &mttop tt··cdtf tc) ltclnate 

Ph ' " a dee dpt1oa or t ~ent ttoelt of tlo 

p: ~dunJ f~ jn ltn l7tiCAl •PI 11c~i;1 • 

• 1~ a.tGOholw so. at~ ~r •altc::yla1ckt~ 

oatt 1ota. t' pa.t * tetl orintr •t••• ~d·.tro (M) , 

by oMb)(t l • -..ylat ln 8 • al.~ohol to 

llll4 a.u w • ! thout. .u.rr • Tile ~·~ tt214 .. 1\1\J.cm. Wl\1} 

cooltla1 ttn..S ~ ftltoz-.4. 

An •1 rrsat.!w . bod of pe ration .-!\!ell weas ...a ~ t~ t 

ot /i tla c.ncS aJle=r (S?), wt-l\.1. I'-M tho t ..... ot ~. 

~.t2 r;. eW.! .... Jlat ·yde ffOm 4ie olwd ~n fJ ~t . 961- olcot,ol &Jld 

ntldo<:l to 1. 27 C • ~~~1 !nf llJdroci't~Sde a!e.olvod 1n ~ tt-.1. 

tA:r. ~ rwultlftS oolu,lon ~l~lttsd w!t.h 15 nd. 95! .. al~ooo~l 



~ atir'l"Gd uw w nt.. tor at oo0c. !he ft'B nt m toroti 

'bofor.o ,.... !a G w M ~ telJ lf "olut!QJ of ealk~it 
(. 

ID tho &Jto~\Ji below, oo.ttcrlaldoxl~, ~tupplib<l ~J t.te 

l:ua~odQk ~ "'"' ant1 rOUid to bo ~atutaot.o~7 

wltl".ou\ tun pufitlcatton. Tr.e ptepnrotl •~ :IOI'd!~ to 

tt• /~t tift u.rl4 RU.,. thoct aoo to.c 4, and tlda f'ola&5 to 

ubo w. ot t~al ~\;~1· It tt r ~ .,. to be l.IM4 

N(ftll.l.rly, !t \10' .. ilc3 &1 t'! b: tl.!a ~. ~ 

ct • a. ~t!oD t.e qu!'-k Mel tlC*1• 

1 s~~ a ~ Jiold of • pro&wt whioh. ceo be dtreou,-

w1~ P#"\&-&t~ or t1en cr,nall t.atton. It eliould bt uotoct, 

l t 't.M ' ~ 1D th:S!t • t, pH of 1.1, and 

tt it, t. 1a ttlo ~ten or e»pper end n!cr.Ml. <:aro f!l¥t' to 

tdm ~ the pfi 4oeo uot ~1.1 btlow the le\101 n\ ttbleb. ~lpl• 

tJ. ~J!$iOF 01- nt kol l en\ -.. ~idrmt.ble1 !.o. oa a. ~ 

Utlt ot t • • . the etr.c"\ ~ ~ b1 

"~ o.s 1)1.. a to4s. ~ ( >• It. ~Qnd ~'blo 

to c&l tt• l~ldt \bo 'fO~ o'l ... ~ Q<JM4 ~cbd 

~ ot tt total. WlW!'JJ of t1'Q •ol~tion. 

~· 
'fl• 'WOl of tllO ~.PP(tr-Dlc~l •olttt.!.oft ~ bt nbol.\\ JJJO 

~. l 6• CJ7S\al1 teed aod! &Qe•te eftd 2S fttl. (tlocl41. ~f.o 

aet.d •to Odde4 to t ooktSon, l!!!)h tl ot1rm4. r~ ao1ut!cm 

ot ~ 2.& - u.e \} U3 ()~. ' li; al ... oholi(j; ool\\Uoft of 



- -
ealto~1 (poPd4 · ~·~Jbcd •bow)• b t9't ctN ot 

the wlue~~ :requtrec:l to oS.pltaw batb ~. at~ dtop!&o 

t.ro• a ~trtA wt • oot»td li1~1Aa• Wt.n ~ ad4tttcm uae 

co low, tho oolut,ton ftS ~.1 att~« fi:#J 2 !mMtt ana t11ea 

all <l to etcrut ~halt en~ to a110\J tc. ~lFitate to 

p.\1 • fte ~ t11to d thl~ a •1ntortd ltleaa 

~l.bte .W the f4"Clp1 b!t4 with 14 l' urt\il tt. 

ruw. no ~4)1, tf()ft dtb fel":"t.\: eibl<W'l<'» • ~uti<G. the 

dr!m! at; 100°C • t¢r bo~ a o:nd •!cl 

Olfr.,JJAU)t • 

all a in mto U\e •CAOttU!l nnot, the ftltte.to a&C1 'hi 

•re t:rcCJf. r. t.() 4 " • ~ were t(m"'t<l au~ 

to e.w oo::plcte ~t 1 ot Nf1 nt~al MtlutSon ~ tt. (;~ 

GOIJI>l••• ele~ 1J.:i8•i tte w1~ Atr~ Ctblorldo 

t.S®. 

at '.!Do-t. . ~ be dtUoD 

b ''"ina· tt 
o.t~ fr# 

., tltO or fs ' wben 1:bo 

All~ to G~ for 10 ~. 

c1~tta• bid ooeeu.tot.ct, o. drop 

~ lf.ct~4 ~ t t .. (>t ~4 to tbtt Ol 

~~~to ~!~ .t:tat M of ntclttl.. tf AJ 'loud!NM O.Pf•arecl ~ 

~- w tepc$ta4, 1-.t . 'l'8 Gddecl* tho tJOlut.lon woo 

to • 4 tel" n ~~ and a ~P •r ~ta !.n ~ 

to tl¥1 t;l.ur liquW. 



ll. proc:tpit3\1w f!ncUl.7 <J~J'l*t., tbe rlxtuft '1160 

f1l red thr-o'J(;ll •blto.-.4 a.t. o orr..\Clble. n. ~1r1tcate 
htd wlt! col4. n t- Ubt:il tt.e f1lm ,. ~tt• wlth torr!~ 

~lor~ aOl\\Uon• cJrSe4 tw 1 how' lit ~c., ~ Jgh4t4 

nt(~>,. 

touad to q ltattw.l7 ~ip1W.taed t A pli 

lot "~ tshat14· d •o reeutte ( ). loer 

bo t'*, t&U~ off f'epidl.J wbon 

bolQI' t . J\t 11 pnto bl 2.4 w ~.r, ~ ne 

~ly , ws.t.: ont tnw 1-.o tto. the IJloblll. At 

• of OM' ts.l tl! 1 JDil ·~ t.o lpt.tau.t. 

ctm c o~ "' c.km • 1o the t.' pH r• tho adcktl 

ant ! l'ffJitt wu. lt ... toun4 \hat. tb8 

~ 

1n ol'JO ~at a Ji1 - o.a. 
«' • lleJ.t it fo that A }?f!•s ~ e.s 

tcnl ro ~~lu una. .~~. !hi ..- tot. ~ 

t.W• a little btlOCP • t of IM!el KOWO (SO) • eo ta , 

•Date~ \!oQJ of tbt \a.1 in oolu\~ ,_~ fl. Pi .. bJab 

9 .. 9 Wl iflhctt.Ol'7 ttl t • At pt.1t o ~ 10 tho u.t Ml 

ott ~1417• 

%\ ~ ft:WI• ttl<t t Jlf! f..ObditbJe sntolve4 are o\Wl. '*' 
b>/ .... 



Alt.ho\lf!b tbt pit l"e! tor-

cop ceJ.*'a'Uon tY...a:&r ••11, 1t1 ); ac\1~ 

~ter rotut.~ or 

U 18 \lfJ"ic~ 11 o~ 

':er. It. 1& c.. etel;r um~~UI".f to ttx tt pB t. ~t 'I 

•tthtn · ' unit. tho ~ .. ~n4~ 

ft to quito •uttlc \ to· 

r ~ el ~t rell or !t. 

!i ultG ere u~ bltldM 1ll !llM.! l . 

tbeol"ct!-:1 
C~.tE • Ced· 
.... Q lf:k '*" t 11 

.otolf 

_.. 111111 --~" lil!l~-- •M l'lflflfrlfrli• l 

. 541? 

.5tle 

.o&!t 

.013-f· 
ltj ... __. ,,. .. 

~· 1. 

. lOR8 

.1.0121 .ClOGS 

.10~ 

.,Qlotl . tOCG 

.o1012 
II ••• !IIIII •••• - .llii .. 

1\ 

~. fgbt C1f 1o1a&1 
lTeoii it. fU\h!. 
U II lltl • ae 

.0018 .0.1091 

.001? .01005 

• 10 .OlCXXl 

• GmG . 1042 

.10t.t! 
!ill 1 Ill t~l !lll .. M I ,..,......,. 1_ .. .., I\IW .... II'il • 



- .. 
&bod • ~ t)t' nkllel. ~ W1 1 tl-AB tbJ8 

l'Uul tlt24 tot. :IDQCO\ftfll ~to tbl lcbt of 

fso~Sn 

\D:IIOCC:~r-:1 ft"'t"-'"''ui"'ft o a_,.t~~ 

~ \wr • tbs. Uhel\» 

fUV..ttm:a, 1m'olriua 

ot 

o4~~* to t.t.t ooaooft1irJa in ~Sua •mea • 
atofO ~U) • w • .,. c2M1 ~ wltll ~~ 

d*IIO ¥.PIIIIIift!l S. ;U of ~ 1c:os 1 DO 

to .,.lop~ ttUOh a~ · 
._ • ~tod. !bl "'uw"""' or tbJD eo 
ot .. of ~ clltWlot:e~:a 

'* m s. ... 
1 W ot nee ot do.o with h11otl• 

cs.JOOOI:O toUCW~~ltl tbt ~ ~ceai#O, WGQ~.~:~• .me preclp1• 

.--ldedth • t .. ,.. aru.-t~M M to ' 

~.. t (U8) tlw.t SO th 

nt 11.1a1 tbot44 be prtotr!wted at a pU of ~tlr e.a,. A ~ 

ot tdc ~ ulu.tkm of ~~t•• t. O.S .s e.v 
ttiM4 o-!th 80llorll~:.WU•• b ll1W1 . 

~~ .... f()W:rJ to "- ~ ~. "' &1.,. lAlllr 

~'···· 



p~.n waa to\114 to ~ C:o cd(%1t.lorl ot <.;J.tr1"" ~--14.- ' tie hold 

t.htl a!lw Jn eK~luU:>n, f..ftd tbo ai~ 1 ~\.llt'\ Ui-. to Wd Iron 

ct1 . ~cal lttll~!QC tn tllllt iotml ~· 

!ho ~ t& to tk!d S C• l~to 14 to tbo tJOllolttDli, tln:m · 

•U.f'tt ... tent ~ to mko tb!J sohtUon ar-"Ol'dc<..~l ; and pr l,J ~ t4.tAl 

tbt n1 ... J;o1 b1 \!~ Clropwbo addltJ.on ot t!-o nllqlL\ltrcm ro n\. 

fto cc;~\ ot lU•tolcl rO":Je (58) o.c ~.~c.:n;outg otatf,tont, 

' f..erl1GJ8 t1~ t) ot .. a lto ~~if'~" u.o oolub!ltt :r of t1'b 

n!' 1 ""~ Jn til$ «.~ cf' !11IW' 1 , 5n toto '" ot sbo at 

mr rutc , m, ro ion. femonon•~ ~·t !rpl.J an • tW · ,t 

to O$tlmte n~ 1 ~t ~ : J•t bala.1 that t 1ttdoh a!nc ~lpi• 

tc.tcd" 

fdlle 8 bel.«t, cllo'e tt,o ~\Jll:t:> ot tbo we.~lo of tiJo ,.J.n~ 

.SCMIIil'kfT( Ifill k!rltt'R t 1flf'Peftl•11 '1- o-.:A1"41t1 IIJIBL1 t .. l4t*'Wflll11at1W ... !'A' M tt 1?11 JMI'-

.. , ... , • IUJ I 1 ' l ... T6fl 1 a I ,J I feJ t 
.__,,_ ...... ,_,, ........... _,....,.,.,...,_. ____ p ........ • ;tH tf 11 u 

. Q.t C• 

.oo 

w . ........ , ... 1ft ....... . 1£ G ldttl ICttr ... -M bi • .,J .. ~ '•t-J'•t11f'll l tt•••'PilW11Mit!••N1 Uillf-

ilotalfe• 
Cobalt Jntol'"l$1'(10 in tbD ost!t':).!itiao of ttl... 1 wlth oaU.c;yl-

al~ bUt • ..at 1n. tJ\nt of "'~t·. Ita anron.t~a.l uolutlotio GOMt, 

ttltb/ ••• 



witt o~t~il ldc:r:deo, ct~ a ~ PN~lptwttt. D-» to the 

#•Unrl.ty ot tl• prop.J't of rstckol Qf.d cob&l.t !t touD4 wry 

dU'f1t.1ll.t to nol.u a mtiiotld uh1cm woalcl Pl't'Wnt tl.e tntemronoe 

ct the VM wttttAtt obdlurty tJtoc~ tho other, Q¥14 t.t 

f lnall7 ..o14114 tQ • a ~ttoa ot the rocen\1)' p~e4 

Q ~tl":od ( 

it#SiPil\D• 
to tho co'balkl l. CJOllAl'Xl .. ~ drop-Jlee . 11! aaa•ows 

•olut-1on or ~ ~-~ltr ~ atttrr 1 tmU.l the tn­

oi~tta.to ~u.et~ t tb'n'\ to~, l'Od!uolwd. .lftor <111\d.!ftB \be 

oolution to ltSO r.l.. ~teat l"r\t"OO'fl pt~!de (W) 8/lt:!e4 

~) ~ ootuUon ~,_llCWI -.;olO'.-. .... n 11. _, ta~ 

autn~~'• 1bt aolat1oo tl boUed do.1n. Ufttl1 II\ 

~rud.dlt 
4 

-.n •li.nlf)ateG, C1M the w~t1w ...-ontil'lUOd until 

tho 'fttlubo about ?& • l);toa th C()Uft'tC ot t.1 t ~ tt, 

~ ran,. t0\IZJ4 ~ t tJ ool.our ~t':DCI4 (lb(ln ~e1.,1 fA) 

~. U tltkJ oce ooro eoat c~'lt<ID atJ011ld lMl to 

<i'l.cv tt olution. it la ~trcblo ~ o.wt4 e lal\,"0 ox~c 

of~~! , i!: ..:.Mt o:1 t~ 4.~9t t...on tl~ oolut!(rn 

tad on ~ted dcmrl to ?fi n1., :W d. ~ (40;') ro added. 

(tilO 61olu.tJon Bho~<t thoJ1 haw .... Jottoct odour ot ~J"t"tildebpJ 

Sf not o. fbl~lDt' S r-1 .• nre added). 'ft-4j oolut!on ~ ~ far 

tift ~ Md tl1CI'J CO()lo4. ft;~ t!Qll~y~l I'()~ . 

em 6ddod tn U.o uo~.~Ul 71 f.U1 u () p i ta tt1~ orr trol"' 
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tkt rcteu.ltD of ~t1ll wWt-rdckel •p.u'3'~ ~te or..ocra !a 

!«ble 4. t.J.ow. fa "irift of the dttftoultt or t~blg ni<:lael fA 

the.~~ ur cobalt, tldu ml ~d 1e ooen tt> ctfbr • 'IOluOble 6n4 

~ ..,t!.,1r n!!!plo t, .od tor the1r ,.~ t!on. In aene 1. tt.e 

~I.Dlfle ts~ o J'O o $)CMrf\4 r.fla.tll t'()f' -~ ~'ttst.f nicl~1 tl'ou 

a 1 , ~ ot totwJ (~ W • se-6'1) 1 end tt.o "Pt>li~ttcn ill 

etronaq ; part.S.oul.u-~ Sn pte~OI to f!Ol"t) cntttau.a~ 

prrctoeduNa (•u.oh • tM ¢te ot ~ oulph!do ott oo411.a ~1do) 

., •• l I 11 4 f ,,._, I . J I &'11!t UU hJ 0 I ., U I I J • l ,- t F f I d f I Jf 

.086'10 6• . tOlD g • -~ a. ..0112 .fh 

• S016 .03Mf 

.18?1 too6 .~1 

. 1613 .01:968 

.osote . 22SS .o~se .001 

. 2185 .03001 
•• ,~~ I Ill ··~ Ill .I lilj .. 1" 1• I I !II. I! •• I I II• I I ' flllllllll .... 1111 , •• Ul I IH d .. 

toad :lntorl'troa 1ft til$ titration or J\l(,)t.J. with au.tl~tle.ldoxtt:X 

b1.1t not lo \bat of eo~. t~o ,..th«1 Q01Jl4 \» found ~ de~ ~ 

l1oep tba l•tt in ootutlon wtlo tb6 td~kol ~ 'Oik1 1 ·tr-tta.todJ 

tho/ •••• 



lt iG tb&rof'~ MOOmtu.t7 to roJ:'()W the l.oat\ P"~1 to pvtoftlw 

ina tru! rd G 1 Mt1 tt.on, • •6 • M lo&ld aul.;pMto • 

lt'RB• 
Ill eo4'*' ~\lo 14 fJ<ll\tt.~, tJton fOt:1.!D a darlt 

bfoolftl ~ 1t1 • #all<l)'lol~, ,.l"tch, ~ ool~, ~-

l\a.iml t.ht co~X~alt~Jlal~ lll'O"'lpttate, oa at~ bJ nt.oatld 

WlC! U:xte ( ) . To ~ra¥t th!t 1 t\ =otl od ~ dnolope4 to ..:.1Qtl 

a aobtble fl~ldo Mded. \o tho ~cnplu 

elti. tl1 ~ or tu!'t'i ~ntltt 1.- tcLM11't! c011t1ten.t -to rr 1n 

s..; t'J.Ol1t\i<m 'tlbon \1~ ~Gli ¥1•1~1 1D Bdt • 2-t t !l'Qt !tl"~ 

q,atttatt 1.1 ~~'a ~lu.Uon ()f lt"OO ond pot 1~ nuorldo FW 

no (.Olo"# •l:;en t.oll~lc.ldiox! ~ 1~ t\ · ~ 

(J.1.1A:lU-.t.iwlJ em a o~~ ~:.~~, toll.Olf ttte _..,.... 

;t:tll$! below • 

.D»Sil4\D• 
1t.e .cro~ oolutjM butte~ w1ib O.(;fJt1\t ~tel -.d 

~tWl Ullll for tJlct \ ~Jon, Of COJtiCr• fo 

tho ~old aolt4tk>n tl&.\e4 a> 1. ot ~ 801\l'U= ot pot~o~tue 

n~ldit. tt. aua.t071&~·!ir.o ~n\ w lt.f,)D cdUo4 in~ 1.IN41 

~. •t ~ thotot~tth et~lD(t to ~t.i'lato t1 prectJ.d,totc. f.fte:' 

tho prootpl ;1A ~.~ ~ ~- Jt t11 t-4 tt4.'c.Ulh !nterM 

alMa c~ibltt ~ bad JO u.._ wtth cold "*'"'• tt dri-414 

(1~ l!fl1c. and ,.~Gt*l. 

J?f!c;UN\»1 !n§ !ra~ip • 
lt tho f'11»dda ic <SJ.aoelwd tn t.!lo ool\tti(lft b:.· cddil'l8 1ft tt.o 

oo1!.41 .... 
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eolia !m'rt! and~, t1w ttol!.lUon ~ t~lJebUJ \OlOttd¥• ~ -v~• 

J."'tt&nl obtait*S . 1-:fch• It.,. tOW¥11 l.OC.\'et', that !.!' th1 tllaC>rt( 
e 

'* ft.re\ 4!Hol* CUtd he ~ ln tJ» ooU ~ Sn_.fttrlna 

~~·, bu\ dtf oron' ~\& ot ~ron. SiMO, ~ m. 
o 1 ·~~ti~ • the. ~un\ ot lt'OO 00$\ • b7 ttto QOWW So 

dil'OO\ty l"POA 1 \0 tbi!J J Uft 

tloft ot ~ ~ 1dll U. ln tbo ~"1 or tho rctau.lta. 

teblc G 'blll0f1 1Wul ~iNXI• teo t,.llQ 

cat~' ot tht !!¥ttho4 • 

• e I tiki $ I f . ' t a· M •• !}I''J'IIo)J' !II'CIF 1 P L q 'V' , n '"' •; , · 1 " • ••," .. - u" •• • e n :• 

t*Jilhl If AJ J -·· •• a ;a 11 •• 

tn o.t"'~tt.t !J()l~U....e bon o!plt~ fbrlt; ~ide, 

and tJa i:rot'l tntnr<toroD in tb t· ttr,(&\ton ot nl;..ko'l tl1 14liOJl• 

aldadr.o. t~ to l!ol4 t~ !.ro:l 1u olut!orJ dth potuso.ltrl 

tluor!de 1201'& \ :f'1rot eru.aooaetul; ea tl,o ""l"~toi'Jat1o ra&tlot-JIIO 

~ -;.:orrFJ.u to~ on c.d'Utlon of tlle MUcJlaldoxi · • 

catOI.Ul/uu 
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ovet\al in~\~t&\1ml• hOM'!VOl't ehow4 that at pH'a below 7. 61 tl-.o 

taltQ118U!ox1• ••14 bt G4dbd wltb:m\ ~ fon.t10Jl ot \h'-

l«'t• Ao s«m ee tl'.o pH ~ '1. 5 the a.oluttoa ~ ftct-

btoe. fhO ecti ton of nl~l Jb tho NOOO of !....._ ~iot! 

out fol't ~-

~-
fo fl nl~kel eotutien ~cnta!ntn; !ten ~ in U. oold 

60 • of "- ol\$1 or ~~1~ fluor~. !btl ~t\11~JWdax!nt 

~~n' 0 

1 lltl4 tb)n 4Utate ~ drop:~Jas• VW'1 a~ 

onc1 ,s.tt. ~ •\in'lnl• Af't0!" :el~ c:ltO)'I 'UlO col~ ot tho 

~mtton uo·wt tlCJ~tb 11~; but on etiw~ \l'.o ~O<.tr' 

w l<1 4Jaa ow. ~ tt 1 • ro~ ~Ia. .,. ~. th) 

uolol.lr l1d \lm4 to boQore t'Q. u!:o r.oro ot!wtne 

l 4!to.: ... u. Tt.• ad41tton or sa. atoR*4 

Juot tietON ttl6 ..ol~ ot tbO •olu.tkln t:o. a N)!1~\ ~. 

!to t10l\ltlo<m tl«l tt.ll ~ ot~ fb.t' rttteen td~a. At. tht 

ot t, t!M CIDO (lrop of ~JA ~ to toot for \be 

to tioon of fir:/ f'ur't!'Ar !1"0\ti!iotflt& (t, u rttqu!tee ~M obMl"Ya­

tb ~ W 0 I ~~ f'OJ:"T tltm or~ ~ ~1~). 

lt r,o proo.,pitAto ft. . 't t,be ~~ W f!lto 1, tJ• c1pt. .. 

~- ci,. Clr1od and 0 SCt*1 • ueUAt. 

W.t3121~ml .. im. taGaiSI• 
ttu ~ round to ba c:tuit-11 aatutaotory ft:J"r hold~ 

tl·.e Iron in 11olttt-iots. T~ e.ddi\1® ot ~onta to tlo t-131•t s~ 
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.._., ~uo. If t!#6 dl.tfHt4tr ta 

~lld.O. ~ '* addec1 4ropwloe WlUl l:ll.l.(;b\ eQI:QCJCO 

tM «tl.our), tbm dlluw ~1.Gdo 

et;:id 4fop &1op• Ml tllit ®ltttlcm • 

li\QitAt G; la~, W.. reoalto ot wo CD41,.._ tO!" nl 1 

111 tobl\taw oootat.mna ~ 

JAlfl.f• 
... 'l "'' E • l I 11 t t d l liii"NPI! 11111'1 It I A un t - 1 11 r 

.04018 • • 

I JO.t i1 I r Utld IN I J II f I • . ••• 111·r IWI: <jpl' IILbr J Ill g I PIAl .TIL I 'Jill i M 'I t r , - t • u 

loUoJ1aldcKl SeW! t tw tbltMtpura\S.M of 

l11ob11 fO'I' tO\j, &lon of boVk Pot nto l b 

~ uraq nd ~tbllif-7 of 1 ... ., 

vvw~fttl4 u.t~ tH ~ ; ~ e«41c..~S 11 a ton-

1& .:!. t tol.J, 4 w1$b pal'1oct ot 41. ts.t.l\ 

ublch Sit ~OCNU7 toft n1clol~ ·otpitaw. ~~ 

iD q~.te ,.._ u.-, to t\llw tllo 101~ • at=d 0'08htteh• 

M4 (88) o-11t:l • !here Itt %\0\ tJ» 1' ot ~'pitat!Qc of GQD 

reone-nt* L:m'l tba pNClplti:ttl Sa leo# eolUI:AAJ 1D 41~~. ~. 

"ff''!¥1 •••• 



vo~ lU•t.t• '*hiaa 18 ~ul~d, m:e~ ~ a~~S. 

otvltc.te ~t be -..hod ~or t..! witt· tm t<. lto 

bls ditJtmG.-t · Sb tt.e 1nto.. ~ of~~. V-iet dQe& riOt 

kto~ l'l':on d!Mtb,t·l.Jeydm s. .tt. ot tn other ~e.- wbi.W 

!n mre .. 1 . 1a tbe only ·una tdlicb ('; ' ~l· ~. t(l(t 

or tt., ott m ol~tnaW<~ bE .r.s 11 a• · ~. 

VV'o""""- tor "'Ol>f1'll" by tJ uee of t; f.u t-... Ant 

t of 

~~~~•· 'n~e ~ al~ no\ ( ut • 4U.Nto .ftOI" prec 

~wt ob\Q.b.l ua , M l otntm 

• n: iJ,J te ntca in 15 r.-~ 

f.tlii\<J d cf 0 ~!n~ t .7'-f.-;kl 0 f«.. t;O'f i't\b ~ ~~ 

tl wc~t.o. Alao tho r. lpl\a~.t ta not 'ly a<» tmn, uo t\ \ 

ttl tr: tl Itt ~ auto • Yt.e thlo"'~te pmcS.;-tiat«J · !t:eo 

~ tw ~b~ .nu.o tho ~PI•l*-Cali'->r~ro proG1i,St«rt4 se 

••.nl boo t"ror.: nolu.blo .topaot .. Tl. <ml.y ~ 

:n el• at. ts troca. !be co~ !tllto.W !lS bot q).aJ.t1J 

(18 ... h • ;.lc:im1 ~tp1 :to, i' t.ae • tc dtm y 

~ p t•t1' tlWt , Nq\itrut r\J to.ftliW 

to be &lcldc • 

t).'LlcJ\G1dc:r.lc So ~ a nt to datoreSnfne 

n1e 11 .r.oa ~t 1e a "'unt, ~ 1Do tO'¥" ... op" o 11»"'0 tJ o l.t rt!<~t 

~ll / ")I l~ oot l ~dJ fl.. W!"~ ~t.c k tho lodMo F..'Otl:'.c4 

11: tJ.(J o:Jt f~t aboald be • 

"'lbl/ ..... 



- es -

• ~tn• ot e1 ~ ot or3t;t.mottc:DJ .,. all<wm tn ,....,_ e 
~~ un4 tbo a ~u.l $Alc;ul. u.-. l#t tb.\te fe~te ca tile 

'l"t\\''!lllll' ~-17 tz. .• ~. 
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'fnbl.• 2. 
I i!l4l lfW 

ottW. -~IJHII••• .... M 1111 I ~ I ;I tt~ tiJIIJ .. • • I ' ~ ie _. - • •11 

'lheorottol ieigbt of Ccp,por TheOIOti<.*l tght of lztckol. 
Cop~., Pro~o,;1pitata ound. .. ic-.1 Preetp1ta.~ lout~(~ • 

«• ,,. S• ! • g. 6• 
; lt l;:f"; t' tN q'' :fl !111'tt 

.2927 .o 5« .ase .05115 
.OSHS . 2929 .05548 ,05108 .2BVS .06108 

.-0026 .o55.S . 2ff'l7 .oc10a 

. &el2 .uo1 .ssw .onctt 
.noo . 561.!:! .UDl .O!X)Sl . t!SSS .oooa; 

. sao& .1100 - -

.~&.& . 04$04 .o25S6 .1M2. .025Q'/ 
. tl4S'TS . tS16 ·"'~6 . ltd . 02561 

. 2510 .a.ms el442 . 025&9 

.1m .o!S271 .1440 .025$5 
.0&264 .17m .o$f'IS .otse& .1441 .025$? 

.1726 .0~26'1 .1442· .oms 
.osaao . 200-t .0658& .oaSJ . 2680 .o.au. 

.. 2\>45 .056'1$ . 1!852 .04827 

.seS'f .ooou .ms . OS64S 
.06005 . 5046 . 00008 .oSM£ . 2000 .one4S 

.se57 . 00926 .rose .oma. 

.l?a .osacs .!Ctt .OSG'18 
.o5~4 .1725 .. OS2ee .Q&J70 .1069 .0!6'11 

.172' .OMS5 . ao&? ,OS667 

. 2188 .OU48 .sssa .05919 

.ms .041.85 . SSI56 .06919 

.2188 .0041 .!!«> .0$9l'S 
.04141 . 21.82 .041SS .oooss .ssso .OSDU - - . 3346 .01983 

.r.sn .oootm - ~ 

. S6'16 .06003 .. .. 
,!669 .ooooo - • 

.0$956 .se65 ,06942 "" -.aa?O .oet»l2 .. -
. 3638 .00092 . $1«> .O&SG5 

.06900 . 368'1 . 06889 . 05572 • 4\1.37 .Ots6€i5 
. 5640 .00896 .sm . 0.6500 
. 8469 .ooeu . Sl.M . 0&500 
.~ .ooOO? . !UJJB .C55G8 

.S0 52 .06781 . t&69 . 07929 

.~ .05'197 . 4489 .oTS29 
.OS'/92 .S>ao .0&7N .01936 . 448'1 .oms 

.SC!2 .os?'al .44&, .0?91.'0 



( 
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1'he S totiat i<Jal. Torl!B. 

9oE:E!t 

S tt.U\dard Uertatlon .kcuro.oy rtomblet~ s t~mdard Y.ift'Or 
(x 10') - ~ 10•} .. to'> 1o'> 

. 
(x (x 

1.!26 1 . '7!2 1.414 1 . 21'6 

7.071 10.00 • • ,14 4 .. 085 

S. 4"!7 11.60 ! . 6$1 8. 389 

~.082 o.sm 2.057 1. ?00 

? .810 9.220 5.207 s.su 
9~27· 12.020 G.183 4. 986 

2.~so s.ooo 1.'100 1. 4?2 

2. 638 6. 216 s.oo2 2. 769 

7.694 9. 8'14 s.us s. 441 

9. 52'1 9.?~ e.s&? 4 .. 2e0 

a.eoo 9. 00? s.rns 4. 350 

U~l-
• • !fie s.ooo 2. 906 2. 51'1 

2.8!8 27.18 1.885 2.000 

~.ooo • • 18$ 1 . 333 1.154 

2 .. 000 2.S45 1. 33S 1.154 

2.~~ 9. ~ 1.491 1.561 

3 .. 606 4. 569 2. «>4 2.08~ 

4 .000 4.18S 2. 66? 2 . &0 

5 .. 609 14. 4e ~.873 2.08? 

&.009 o.es1 3. 6'1S 2.00? 

4. 281 u .se 2.864 2.141 

Ttible a/ ••• -• 
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Ahl §~H~!aJr It£!!!, bP!tls!!d t)§ rustPfcHU• 

~· 
s tanduri De'rint1on ActCUN.O'J' Probable Enor s Wnda:rd Error 

t\t -. 021Sl. .oms .ouoo .o22U 
.06'28 ;.ooooo .o!.W4 .02948 

.. 01.252 . o2e5:t\ .oes.m .0'1"150 

.09466 . 2656 .OO!!C4 .OU58 

. 1400 .1690 e09S!S .09906 

.18«> .17!6 .08990 .om2 

.0'78S> .OS189 .OG:lOB .04\SlO 

. 1SS8 ~lSOl .08915 .06196 

.uoe .1419 .0'13?2 .04832 

. l.SSO • 1ua .ooou; . .oeou 

.1496 .1641 -09006 ,074'14 

1fJUtl 
.OSSS? ,09792 .05692 ,04929 

.~842 .-~se .OWM .omltl 

.0'78mi . 16!7 .05217 .04516 

. 0'1621 .09110 . o62l? .Otsl.S 

.04954 '• ..2()82 .o~ . 05489 

.osooe . ti9? .06001 .06'116 

.1oeo .ue .oms -.()629, 

.OWlS. .1028 .06624 ..0!51'1 

.• 1042 .J.m .()6790 .o~.s 

.osm>s .14-.~ .0996 . 02699 

£trra liskU 
S tpndQl"d lleviat.bm • lOmt .oveP!I'/ . 

an Au<.ura47 . l&r!t- elSl'V-

~an Probable !r1'01' .072'ifrj. .052081 

f.ban S ten~d Error .oooeer .Ot245;' 

tf'bt~/ .... 



.... oo .. 

~~ .llt1m::l~D ra.tcloiA~oo. QS:. ~~· 

lwt. dlmt! lf.t .lr.ct 1D toto ott' .rc> ut ~ U. &ator-

~t!ou ct n1 l 1, ao tho 1~ tn,.; 1~ Sa • ~ tOt! ,~,An' 

o. ~J.~ tlc- • It ~ ~\J'o~ ~ dtt:J,..cl.lxld c.t leoctb in the tl:mcnti-

~ t:!or., U!J4 tbt Ontl& l« Of that df~ .r!ption ~ 1o to tho 

tolloid potnt.J4• 

( !) fo };(fr;"orr. ~ . ~ or \1 UOJ~ <.<~ ool~ ot a~ 

40 rroCi... 1 

o nt •:a1 · n 

(lt) ro 

on~ ... ttoo ~tto to d&t.r "\0 

IJtfi t (!n tho finnl. ·Moult. 

(U.!) 'l'o. ~tn tlbh f;b) pro~lnlt 

• 

• 

to r--J.. ~~uot. o tbQ ~,utlcn ~...on~ ~JP(ir o;n4 n1 .. tel 

QQ:I)Q t til .• G ti b., I'OOlh!oric. u<.tt1 15 \ .. or t; 00 otut!fR' of 

~$.\l !oM®. ev: ~t-2 Un(,d ror u 1: 1: ute Q)(1 thon &.lt 

'bt ;.~ nt '.c!Q.t'd . ~I ~ tf:l~ •l l~ ~od1llt.! tili~Ul.~W 

eolllt.Jon tn the lodkltl ... otour- he~ al- t <Jl p;o M . R l!d ~ ot 

~ 1$ ataNh oo~ut!w ~ d t.b) t.1t.n<tt1oo <2c:mt.irn* drop too 

until -~ ¥olwr Jurst dltlap,_('~.;.roa . lQ ~~ o tor nol"'UO.U 

ot po 1• tMoc:-..wuU. :are t.hm t~ t fl Jc ~!:zo1«! 

,-Jgo:--cu::nv. ft~ta ·I'Qd l1;«} a r<lOfSOC.l"hllt;;.O t.J' .a \'1laa . "low. h 

tl~t1« tl'fiD q~t!n® (J:rortl!.ao urtJ.t tbo blt» ~e1 0U!' 1 _ fl.nt~ll)l' 

dif)'fiAIW 4. 
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tt• GlaOtttioll of the ~~ ot ptt btoo.a t.,.~, wheA 

!.;.~ ~ to 1.le ~ibod h\ al10)1t' ~ CJrflet 1r.-h ~ fl'J'et dinsol~ 

kt fJ otml cci4. fo ~~~ 1lbat •ttoet. '\be ~e< • ...e ot t.roo a.id 

l 1 • ~of detNtdno.\ ~ t.a&J an aofiXtf' $olutiom .;.:on. 

td.n:na varlot~J ~on-.cm~ttoua ot li.t;!dl. ltl eoc .. case, bOD 'VOl~ 

of w;ld ~ loto cop: ~ scl.utSoo to be ed ~ tl'-t~ ~~ 

tl<m• l:ntl tho ph of tbl Olu.tion. dotem!Otd tv ~ ot • c;~ 

pH rct.ftt- te!tlt ~.,_ l&mUcol olutJou to W:iob en! 'V01 ot ~td 

bccl n o4tktd. fto ,._Ul'fil Ol.Oim !n fabto ·g t ()'ft)t'• 

!able 9 / ., •. 
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table 9 • 

pH Of Soluti® Co,Pp)'.l' takao CoRJe!" fc'J&d Aol4 Mc!led. 

2.0 .1.~'11 .1371 

1·2 . 1!'72 . 1!72 

o.oo .1S'l2 .13?1 
o.e& .1m elS?O J ydroohl.orlo 

0 . 52 . 15'12 .15'13 

0. 40 .1!72 elS'n 
o.n .1~2 .1~5 

0 . 20 .. 18'12 .1SY8 
0 .1? .1571! .1382 

1., .1569 . lti67 

1.1 ..16&9 .1868 
G.75 .1869 .15?0 

o.e2 .1009 .1&70 Sul~:lc 

o .. ~ . lMi .15'10 

o.u .1669 .16'1! 

o.se .1569 .15ft 
o.n . 1169 .,un 
0.24 . 166g . l8e2 

1.4 . lalt .1M& 

1. 2 .1282 .128! 

0. 9! t lR82 .ua4 
0.16 .ust .ues Jt!tr1o 

o.eo .1282 .1004 

0.43 . l.2ll2 .120? 

o.S9 . 1262 .U92 

o.se .1~2 . 1504 
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. usa~-atQis• 

The ot~ndard 1-ft~d'l.\ro fr;)r ~opper on wtlil'lOcl in tta textboolls 

1e to add tbe 1-ott'!Deiun iodlct. and pctt.oe&iua tr~&ol'fitLto 1!1 the solid 

fom. · It Wt\1 ft)und pret.rabltt , hoattv.r, to tldJ t.llefl as ooluti~. 

ft:.!D •as found to trwro~e the repr.ocb~e1bilitJ of t.he reeulta {owlfl8 

to tt'() B" tor tWld~~ation <Jf cOQ!lttqm) , boel4N being mre 

c~ten\ it ~OU$ t1tt-att'Om 81'e be!J1l! -perton:nd. ft:e wluam 

uere ~m:ed with a t.md 10 Ill . m ur!!'Jg cyl.indo.$ te un •c~cy 

of witbtn Sj!. 

'!he thlosulpbate soluti()tJS t'O atcn.de~4 qAimt ~d 

coppal' oW.pbnte •olutiont:) t¥Jjq r.,. pr-ocedure identical to t hat ottt­

ltn.cl ~Above. 

~;q atkUti® or ~!q ~to ot ntobl to thG ool.ut.tom wao 

tound 4wo be ot'l'ipl.<rtel.y td:thout ~fteat. on tb$ fblal results. 

S~ll w:ounto of bydro~blorlo and en.tlph\ari~ aeiC ao not a.ffoct 

tho results , hlt n.1tric ac14 t.nds to ke tbe reoults b1Qh. !tt-, 
the 10'itar tn~ento, 1.tJ <lWJ 'to tbe preecnoe ot ox1doo ot M.tn>;en. 

lt 1e re~ that arq ilitrie cid wotl to diUool"'I the Ot\!!T-lM 

bo C»1!l~J1ot<tlr oli~~tod b1 eft))Ol'Gtion to ttu-•taa w!tb e~urlc 

a.otd, and tbe pJ.\ of t110 Golu.tf.on eubnquetA\lJ Qd3ustlild by the 

addition or acoti~ act ct. For of'flil2al7 oo'ir.Atiaao U .• e . w~ ~ 

acid 1G !nit~ p:roaent) thfJ ti)O of hid-1'f0obl.o:-1c aoid fJS t"GGOt:r.On&td 

f:Rn.Ol!.lt1P»· 
!M iodf.'lltlfJU't.to mothod 1o • ~Of\ U.ll &SJ:Gcts, tto best proce4ure 1 

e1.tbor volwzetr!e '*' gravtmotrto, tor the determ.tnatton or ooppt'r'. 

14ot only 1& it t.l-:e ctUicl!eGt ant1 UU¥t con•n!ent ttothod, lN.t tt 1e 

o.lJJJo/ •• •" 



a.la9 ~ t!OSt oo~~. V&ey fow 1om intort.re with tbG react,.on,; 

'lbct it"Qcedure cw.tli:oa4 aW.. g1~ .-.u1 tls of the btgbeet _._. ot 

tlCCUt'MY• 

FOS' tl':c dotA~t~ ot coPJ:$r in cop~kel ~ this 

proce&n 1o unl'leotto.t1n&l7 rGc~ndld. 

'l'be resul.tel ot eerie~ ot eat1m.Uo~ of ~r in ~!-~ 

niekel f'bt~ ie· gtwn in. te.bl& lP over • 

!o.blt 10/ ... 



... 104-

T.A.BLE 10 

fheoretlcal Volumo Of CopP%" ~retioal VolWDD of Copper 
Co~41' xafl~s· Found. Cow>r ~~5 round. 

I • ru. «• g. l'T'h B• 
•• 8'1 .. ,._ • d ......... ll It -

~.os .1454 «B.82 . 2S99 

'B•fll . 1482 46.Cl . 2!96 

27 .. 90 .:a.es • • &2 .. asoo 
.1454 f!'l .-8'1 . 14SS .2S9$ 46.~ . 2399 

2?. 66 . 14St e.so .~5~ 

21. 6& .14~1 46.61 .~me 

2'1.88 .14M dG.ee .~oo 

~.ev .. 14!5 ~.oo . 2S9'1 

ss.96 . 1849 u .oo . 2109 

35.9& .1849 41.01 .noe 
35. 00 .18.0 41.05 . 2110 

.18-49 ss.oo .ta49 .n.ou £ .02 . 2110 

ss.oo . 1849 et..oo . 2109 

3&.96 .1849 41 .00 . 21.09 

!fi. US .. 1649 4]. .. 00 . P.lC9 

85.96 al.S49 41.0! . 2110 .. u .OG . 2112 

41.06 .au 
41.00 . 2113 

.2111 41.08 . 2112 

41.05 . fll1 
4l.ot .rut 
41.02 . 2110 

41.00 .ms 

fo.ble u / •. • 



tt!IJA,J.J.­
De SbMJ!YW .XI!:rn• 

St.ondard O.Vio.tlob A~c\0'~ Pt-obcble Itt~ s~ ~. 
(x 10') (x 104) <• 104) (lt to'> 

l · lM 

o.ooo 
1 ,069 

0,92$8 

o. GM'l 

1. 464 

o.oco 
l . SlD 

4,0N 

o.elW! 

t.iji&l u. 

0 .7880 

o.oooo 
o.?U& 

o.Erl?2 

o.~ 

t'lf ~f:4Ustieal; f~ !JS!$n9J .. !! ?¥c~, 

o.079u 0.00187 O,OfYl2 

o.ooo o.ooo (J, OQO 

o.osoes o.oeaos o,o5!7e 

o.oaeoo 0.01686 o.ot&S'/ 

0.0!106 o.oswe o.o20fr 
ltUI . 11 h t l'l ll •• ,, q' 6 

I! ttl t l tq - f •• I!EI~ I i nrt ''""' 

US') s~ IM"U.~ o.osooo% 
AoG<uraCJ o.otlM~ 

Probable En-Q\'1 0.02661/0 

tbun ste.nd~d ~w"" o.o1411,._ 

0. 4012 

o.oooo 
o.57ao 
o.~4 

0. 2!16 

o.o2'19a 
o.ooo 
o.011n1 

0.01!0'1 

0.01098 

s. !be/ .... 



ZWaualDOO!« AIS ita l!!JSi!:r.:Mn\29 U UJeleJ..IU~ l?Jalltkl:atn 

C. or 1be w -~ tOl' tiel c:~ ~ otb!l~ 

1 /~iplt:lt!OG bJ ~ 1!1~1~. !bl& J,a'O\."Od!ln, h~·~ 
S. Ut·t.lo toSL\J; tlod1 1D partt~, baa beoA al'.otm (00) be 

h-~ tmu.t1fltl\e~ 1bon ntc 1 !o n~. lt dMJ!~ to 

~ttgG \bo ~ r'O ~t Va!>l.Attan llcb im'ol t!:o pl!l(a:Spi~ 

t~ of ~ uc ~Jq eulpbide to' ot tJed!Ur ~ •• 

1bht ~ &li$tlCb m .tbo ft\Qt, t ~opper • 1n w cuo1d eobati ; 

,. .p!'U p!.to.t.ed ~ 1o ttllpl".WO . bo11o4 1t1tb lodii:D Wi»ul.• 

p!4te. tl'.ll ~~ .,llphido !o N.ltGl\:lc! ott, d!Hol.,a a dtno 

14~ 11\Qd \bo ~r t ~ locl ~lC3117• 

J3:asdlll• 
fo « !0 • nl.Jq~ ot \bet ·C®t:or·wai~-1 oolu~ liD nt. G H 

~ to U04t- boil!L(r po!n\ antl ~ lett to d ' ~ 0 

tc.tt• Ul all tbe "'r.aptr1~ uJ.rbS40, thor Um ~ eul~, 

Qb!cl' to a1oo f'oJit~ ~ tb:t COtJr# ot tb& a~,.\!QQ1 iva4 olpJ:-

"k • O~trl ti.Ult 1Jt.uid ~ quite gl.anr, the ttol.t.IUeo 

oo ts~tm'Oct J»t, tt:o tUti'Gi» t:obc ... oU.«hltod !n a 400 ttl. boa1m'. 

tiD lftC!piw '4JO bod flft U '01~ Wt thiJ fO) 

b$·il4a addo4 'be) thtt f, ot tJ f!ltr: to. 

(;(JfliW tlank, ood lJi ~. 6 If filWU ~14 ~ ~. ftJ& f k 

l'mO !.ev.tcd n~ t~ 15 ~ • untU au thl P#O~ipitutb bed 



- lD'f -

41Mo1W<t. !he es.de1o or~ flaok -.re them .. ~ dOMl l~ 

dta•Ulod _..., 6 t . e ll e1lliba'14 au!4 Gddod, tiobd tt. hoQ.tur 

«iilt~ \laUl white \Witff (M)l~. 

oo1t.&\larl• bm .;old, \1tiC dU\l'tod •ttb = nl. ot uat.er. 

dod drOlfVlao ~ o burott. e\11 • p) :.:nen\ blue 

t..010Wt N..Sood. i'ha OX«*l ot ·~ODie \'tt:8 bo.Uo4 ott. Attol- tb& 

•~tite bod coolocl, cl&ot.Al OQ)ti-l o.ot4 cdde4 droptSoo lllUl 

tbo blue ~ J\b~ dio~~, and thJn o. ~ f. t . 

b ~ sa thi.\1 .oluts.. t!Job • ted ~trlcally 

oaac.tq • . ~lbad Ul * ~ tkla (p. 99 ) 

9al6!t!ltJq, £19<! !lee~SG· 

AG tm ftlWt+te ttM ~cl to. h) oatbUQl ot nlcllllt 1t. 

,.. tO\IId ~Ul' to .u t tho .~ r .. a lOJ.lb~ Pll'ioa tbr.lc 

tt~t ux-oitW in thtl o~ - ~t' (61); othorw!M tho •~a 

o ~~to woa.ld JrftOlpibto a'tll~ wt. the aoluttoa 

~tJ 'AUI'ina tb.l nic 1 trimtico.. It._, t0\11Cl t, 

loftu tbo h.n~ 1klul4 to boaiw' •~ ~or:tpletGlf ole4r 

botoro tbo tmluticb ~ "''~ frot'l tho ote a 't4tb• no tltouble 

• ;~~ in tJ:d.o C(')M6QUCD• 

t~ t tor crtt1 ~ lCib. ot rdoal bJ 

e1pltam tt. to11UI71Jlg •t "*' I»~•- fb) ~~1• csulpb1do 

proo!rjiwto wee ro-d'ldaol...a in nitrlo GGtd• d tJxJ ~QR:OI' s.n th!G 

tolutloa ~~it itclW ~~s~ eul.Pdde it!' oodlUtt thioetal• 

~ toUo:dfJB ttn ~ outlinott abovot ft'..e solut!e \1t.IG 

tUt.ued ni-..Jiol tootod tf8' In tbt t!l~to d.th dS thy~~ 

ll'flll/ ••• 
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and ~s.u. AttGI' s~.Mint.t tor a k tbt nolutdoft &hawed ·no 

eoJ.ottaUoo. 

Tho o~ I-f.'OC.Uu.fe (52) :ro610F nan burnti)(J oft tM ruter 
!*POI" and than diaool~ the ~\Wot!o eulph!c!o Ja nttl'ic aeld. It 

.. to\U¥1, hoaotel'. that tbo f!ltel' 1M 614 80\ 1ft 8flJ' .. !ft~ 

tare with~ tttr tio.n. fo l.nc.reo..«"Je the ~one:. ot the dthod, 

fa tilwr pet~ ana p-ociplta.to 1MJZ'e tt~ref'Gt"e tNnsferre4 d!ro.ct~ 

to tho tltVJic1 noo.-o tho l'l'f;l 1pitate dittsolwd 1D nttr!c ao!d. 

~.n alto~"M-tiw prc:KI(tdure (81) t"GOOC:..J-OJid::J t t.to ~ 

icn1'\ed to tho •1-, whloh u tuo.4 with pcJtlas11B dioulpllata. tho 

lt u dit~Gol~d 1n •ter and tho ~ detott~ t~trical.lr• 

'l'bio nrlation, bosidea ~itll ~cnaidarohll' longort toail<i to 

sutter fro= ~ ~ 4uecmm , Y1a. that t \ 1a difltoult 

to pt the tusioo to go to ~oq~leti9ll• th t M.Y otb$r than ~Y 

aontl.e h t4t1ng ...... the m!xtuto to eputt$r -~trolla.blJ, and th t 

coeplot.D ooluttcn ot 'i~ l!bal. 1'\ S. often ditf1cult. 

-n. ua• ot ~\ic tnstoft.d ot ~dl'ochlor1¢ ~41d ar~to4 l'JJon 

~1tekel.ul and Jl!l:Wr t eta,...-.m\ (lS), lfh1ch ~ t<>UD4 oJco. to 

appl.J to tli:o Footo M4 VQQCO •\llc)(i, that wrJAtlona !u tM ~' 

of oot1o ao14 htlW lto4 effect on tho fin&\ teaul't$ 'thea ttar!ati 

in tho volur.&P of other Mid#• 

~ls· 
b nS:ulte •l1 tJrla ~oced~ to bB a '110'7 oacollon\ to:r 

eatblettn.e ~. ftJO rooul te u,;ertor to tll.OO obta1nOO •iae 

eaJ.lc7lA3.--; w Cllll7 sl~ inforioso to thoDe of the pot.ass1um 

thiooJMD,te &etifti tton. 'l'bio }.'A'Ooeduro 1a not pcrt!.cularl.Jaui~ble 

t-or/ ••• 



t~ the -~1oa&l &J'WfdlultJ.oa or copper, but !'\ 1a 08}:"1nlly 

Cli~li®ble to 1o.raa oool.O r-outine ~os t parUoul.o.rly wb&ro tho 

ooppor 1& or1g1nallJ tn tb!t tQI"tl ot an ~ or flllo;r. Tho technique 

ooa£01:'ll8 VO~' ll to routtno poco4Ul'O • ftttJt, itc u obtioua tlvl.t 

a ..., lRge ~ of AO~t101Wf Qtm bo ~~ o1t.ult&aoou8lJ1 

end e~condl.J; c. eoccnd &t~t ot copper eqlllti~ w,. 'tJo. put on ~ 

1'a.ter b$.th to cllceot whtlo the f'iro\ M\ ~ btin(l ti~ted. At'i'.eJt 

Q little oa~ t1» pr0<104'1ft ray be t~Cd& all»tl\ oontinuous. 

Dhe\h7l~im ill, of «luno • th& at:r.n&u-d ~t t.UJ$d tor 

tlxt dcrtorr:dnAtJ.on of ~erk\ll,. l':ho ~G- of itcf iftoltltliOJ! :bs this 

tho818 iU'O til'tttlJ to .f\u'nish • s~ ulth wbioh otMr ~oal. 

ptOOOfluroa tor n!o)J)l ~,. 1.» o~dj and OO'condly to elo~ up 

cor\a!n po1ntt.t about which~ ~tJmtiste :1D tm UwntUN. 

!be ptocodure for tho ost1NU<m of' nic~1 QD~ d1tl'J)thylglyox1m!l !D 

fh-$t doscr1bod, a.nd this i& foU~ ~ .. dioot.t.ioio.oo tm· the inf"J.~~ 

ot ttsa ~.eonco ot .-:C)fpm" om ~obalt on tb.\ ~aUI!l\tlon. 

i~i!D• 

1bo tuVato tr'* tb1 thi.QsuJ.pbo.\10 #Optii'Btion of ooppw watJ 

~tol't'Od to~ bealces- and'#~ to '100c. A l't aolut10tl 4't dl• 

mtb~1s in ulc..obOl Wa$ $4(10~ 1ft 2&~ •~e, toll~ by the 

dropt'fiet~ addition ot diluto W!':'»nla trot!l a btrrotte1 w!.th thorough 

etinina• u.ntU pl'QCipt:t,,tion nac eoc::plote. The· aolu.t!on. 'OWJ. 

d!eoetod en a. •~tor- bath tQ'f' ulxtat ~ hot#' • or until tb-7 l"()d procipi• 

ta.to bod cotcy.Jl6t.ly c~tod. A tw ch'o!'J$ or dUute ~!A 

'fl&re/ ••• 



•110 • 

ftt'O a4do4 to tho o~tal\t l~lli4 tQ 1:ost for c«~ploto precipi• 

t<J.tl«l, M¥1 it no~ tft\lir.tt.o.tA t~, tbt t:Jattn 

ftlto.rod tt~ a. ainmtod «148:l ~1b1•• thl ,.. 4Sp1tato 1¥U 

~ tl~J wit.b hot ._0,_. "lfttil. ~ t.torl 4;l..lo;d.do miJ drk-41 

ena •jt:berl ca Ut.(O•WJ)2• 

~ gi~ a ey 1Uw ~ to~tion 1tb dbtbJl• 

a~tte, wltieb tdll st~ tile fll(mC• ot l p.n 1a 10,000,000. lt 

1tJ ~Wl)" I • :tlod t! t IM\1 W ot ~ r \lt!t ~t 

ldtbwt atm~flJ 1ng in. t.be ~ ttoio eutt \f.oll ot tti'"lilel \'tlth 

~lcllr*1re, .g. 1 f'IOitlrt.l.te un ot ~~~*• * •• tlo not 

1n ~· (102). 

f-o tout at ha' "...,...,., tbt ~ 

tJGtJ. ti"' tbo ~l.l 1ntt to 

btalc"JftJ ~Wn1ct of au~ aloJnal oolutiOI). 

ftdde4 M rx»un - ot a. nt~ cop;e.- notut!oft r.wd tbo 

ni~l ltletl tM tlJs~bod ~. ~ ro~Ql.tfl avo ehQift 1ft 

feb.J.$ 1!, ..,.. 

Tc.ble 1~/ ••• 





-lU-

Weight of lgbt ot 
Precipitate ~ P.ros.e.nt 

g. «• 
Jill ( b( 1f l M )!\!' 1 l f' II fbi tid U Ilk AU' I q 

.laM o. 
• 1690 .004657 

.1~3 .009814 

.1640 .otSO? 

.1681 .o1aas 
.1'19a .021529 

. 1':106 .o2?14 

oitJb' of En~ 
boo1pitata 

I • 

o. 
.0026 

.006 

.0018 

.0095 

.0128 

.0141 

o • 
.ooosaos 
.oo1m 
.ool.GS9 
!-001!04'1 

.002751 

. 00.$040 

tt» reoal oro illu:stN.ted ~efll7 !n 1J» o~~ 

graph1 1n wbioh ~ a~:twl.l lpt of cop;.e• .~clur;to4 is plottocl 

aplJ1at the -.ight ot ~!' ~t. 'm gr ph nl~ that tbl 

ftight of ~pe;t oc~lude4 te propot't1onal t.o tho •1aht of~ 

preeont,. Tho t~ abow that tho ooc:.lWJioa is ()f tlle order ot 

10,. of the coprtGr precerst. It !o oddont tM.n1 ~t ao&p\ tor 

w,.y amll. qucnti t1oa ct C.Ql'pctl' (be , 1 depant1in({ tM 

amunt cr ni@tl ~n), t1X~ pttOcipitate if:J ccm~td bt tho 

poeono& of co~ to on ~t bioh Mtoe tba diroc\ est! t1on 

ot nielaril1qaoeibl•• For ~l P"\Ctic..l ~. corr- ~"Uet b$ 

re~d D.!$ an intortvrms 1on1 tile qusst.ion of the paoocedu... to 

be ~ted itlltz pteMnco 11111 bo tS18CUH04 in eu.'baoq_\llftt ~' 

(nco P• 1 36 ) 

IIA.V•••• 
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Ono or tbB parti<;w,r vlll.U8s or tt.o di•thfJ.alycxxta nn.pnt 

18 tbri.t 1t cr1n be ed to est-1. to n1eksl in. tbo ~nee ot ~t. 

to Ghon its e.pp.\.1 abU1ty to cobo.lt-ai ... kel hturoa aet of' 

ret\dines s1~ar to tlt~ mde on c~o 1 mix~ we:re mdG 

on CiO'b.:tlt-niC)ml r;btlll'U • Tile l"'DulW ~ shOitn in fubl.O 141 bel.O'J. 

Tl.l\W 14. 

eight or Cobllt Proo~nt 
(g. ) 

. 010'70 

.0181! 

.02014. 

.02211 

.1698 

. 1699 

.ums 
.. 1'101 

.1697 

. 1698 

. l?OS 

. 1697 

t'heeo ~Blllte s!tcr.'J' tb t cobllt doos l'iOt intc~ in tbe nickel 

cm\:1 tim evtM llhen tbo welgbt of c:ol:alt preuent :Is 11tleo that of 

{fozlqllp Ia· 

An uould be ~<:ted, 

1S tJ~ boat reagent tar nict.l tested !n the ~o:u"'e of th!tJ 11ork. 

tto/ ..... 



•US • 

Ite t\'fu sre t- f.idv~ntaan llrC tho.~ it 1a 1Do:ct;enoiw, and ~t . 

~oOO.lt. &lo8 no\ intorl'IJ'O. !he two dtsndV"t.rott tho.t ero p:t~trully 

attr1bu.tod to it, Yb. tbl •olubility of tbe psouc1pibte in txM$9 

QlQohol, and tho te~y Qf tbo re ;tOnt to proc1f1ttl~ i:D t;;qt.asOUIJ 

aoluttcms, re ne.w found to .uaiffJSt theWJelwo. ~ 

cr41nt'Jl7 gondlUODa" tboy hllw ceeltg1ble erteot and can be dts­

cOtmtod~ Di~tb;rle~11'1e 1B not e.~ QOJWenlen" to :ork with as 

oaUo7laldadNt but long oo tbn prlco 41tferonoe ex!stf bo\weGn 

tho two, f.t wUl cortcdnl..v rerQSn tho o~fldcrd ~pnt tat' niebl. 

1'bt ~.Ute ot a e~rietJ ot ~epaNt-1om shotm b\ feblo 15, 

fable 18/ •••• 



TAB~ 16. 

fboclro\1 t Vol~ ot Copper fhecnt1cal lf:ht ot Coppw 
~ ~aOs folDS llolall lft<Jtpttat. ~ 

. -- .. as • . mi. • I At.. ' n I • ~ u ., .. as I• 
S..S? .1na . 2242 .ows 
2'.4. 4& .1?~ .mt .04B!l 
H.S) .1724 . C24S .04668 

.tm sa.sa . 1719 .04580 . tmSO ·04629 
st.4D .17:!9 .~ .04024 
a . so .1'118 . 2259 .04646 
K.M .1~ . 22m .0466S 
M . l9 . 1718 . t2S? . 04&15 

42.62 .U91 .2C9& .ooose 
48.61 . tl.OO . 2900 .00002 
4:.90 .21.91 . t905 .,Ofi89e 

.~C2 • •• 7 .o.ea .Osaa7 . fZSOl .05001 
4t.G& . 2194 . 2g00 .osaaG 
42. 62 .21~ .~ .o&eor 
4f.OO . 2191 . (9QO .oll889 ..... . 2193 .~ .OS68& 

!56. 00 . l.SS.l .1722 .ossm 
!&.G? .1854 .mt .osruss 
85.60 .1sn .ma .ossu 

. tC2Jl. M.M .1820 .06580 . 2"12t! .oa&s!9 
se.ao . 1826 .m1 .o&Ol"1 
:m.oo . lSSl. . rMS .OSS14 
ss.BS . 1821 . t?n .onSR'l 
sn.tm . 1630 .m$l .05558 

e\10 . 1: . 1890 .of'~ 

::11.14 .1498 . 100'? .o~ 
m.u .1m . leeG- .05851 

.1491 £9.0'1 . 1498 .0-.~134 -.1801 .0!841 
r-9. 15 .1~ .1889 .osaS? 
!G.os .~.- .1B88 .0~ 
a .oo . 1495 .1881 #'lSRO 
~.00 .1498 . 1892 .o1ft864 
45.90 . 2515G .m1 .OSS4? 
41. 68 .R&OO .1mm .O&flSS 
4&.71 . 21M .2738 .06$66 

. 2!$6 45.14 . 2853 .01564 .1l'IM .oGG52 
46.82 ~? .'E'Im .01869 
• • 78 . 2SIS .mt .oss•? 
48.7G .~ . t.'m .o~ 
45.?8 .~&& .m.e .0&642 

hbte lS/ ••• 
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:tJ* Sta~.~2!1 f!£!! . 

~~;r. 

AOCUN.CJ s~ D&'9iAttcn Probc.ble £noa- Standard b:rw 
{z 10•) 10.) 10.) 

- to•> (x (11: (x 

15.1? 11.40 ?.aoo 4,0152 

e.ssn 6. 6&? 4. !r!S ~.519 

a.tle e.eoo 4. 4 .. P-. 368 

7.485 5.090 5. 398 1.803 

'1. S!J. s.a1s s.m ~.OS? 

Com!: 
£.420 2.4:20 1. 611S 0 .8569 

3.047 2. ?18 1.882 0.~828 

2.92'1 2.618 1.?45 0 . 9258 

l . fS2 1. (64 0 . 972 0 . 5299 

2. 4?9 2.1?1 1. 447 0 . 7618 

•••• 



. 1«>1 

. l:'lG8 

.. 14.~ 

.00'1 

.o9219 

• Ill 'fit. [J I "I • 1 I ,, 

-us-

.1401 

. tseo 

.1009 

.u~ 

. lOIS 

.,:: . ' --~ -··· ld 

£2-w&a 

.1200}! 

.u~ 

.~ 

.0~ 

.03280 

I • ) I I Pi * 11 ., It 11 

• tb-J/ •••• 
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~ uao ~ poto.suium t~~te 16 ae~ally roQor;nicocl • 

tm best gravltlletric ~ure tor tl\0 do~na'tion ot OOJlPel't 

·~ e~ ni\;ke-1 <lou not in~, it e&.7 to a_pplted io the 

separation ot eopper r.-om n1c:.lC!Itl~ es wall as to ~ estit1atioo. 

the n1okel 1n tbft filtrate y be detorPin&d by atJ:1 rat.~od that 

Ulsf&n• 
A fett dro~ of f) W h)'dl"'ahlOJ"ic: acid wro cdded \o tbs 

copr;er-niollsl ttol.tltioa aDS tbm 10 m . or o. 20-1 &olution or sod1UJ!J 

~~Saulph1to. A eligb\ ueoao of a freshly preporod solution 

or potaooiu.m tb10'-,unate (10~) 1'IM addot1 drop1iee ~ a but*otte 

with~ et!.ntna. ~ r.solution na ollOS'J$d to cvA'ld 01er-. 

n14rJlt. !Gf'-ore tbe eolutiotl 1s tlltem, t..bAt pN~ip.i-tate ttust be 

pare wbite Md tbo tJolution t:WJt • 11 or a\llplmr dloxicloJ s.r 
oit.bel' ot ttDao condittcme 1e @sent S ttl. core of tho sodtua 

t:atabteulpbit.e coluticm hoW.d ~ added. ftn!Jll.7 tbe ~Ut'Q was 

til~Nd tbrouah a fine a!ntore<l glass or~ible . ~ tftoiptte.te 

~ wuhGd t JAcst 'Wn U tt witb a roluti.Qo pre~d b)- 4&11ng 

l 3• pot4.3o!.utl tJdoo~to ~ O. $ S• ood1UD mat6b!aulpb1te to 

lCOO ~1. water. F'inaU;:y1t ae hod throo or ~tiN& with 

20) &.lcohol. !'h18 1'0!!0100 aooas potasoital ~w • tho 

prec1pitato , cb'1&4 to const..-"lllt ~Ssht ut 11S
0c. and weS.Sbo4 as 

Ca(CIG ). 
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u eulte 
• 

obtfli.l»d ~ J NO!J,:itatiec perforrre~ ln tb) bot CM in tb'.J col.Cl, 

It 1JQ& follnli ~hra.ble to ullolf 'tt'.0 solution to~~ ownrlab\, 

and not tw t1» t~ r~rl~ of r 1~ reco. Jd'J4 by :! teats. 

!Ito .. ~Q.Jp!..~te QOI\6\llate irwo lotelJ1n tt.o l:OJ-tar tt~, and 

tlo ssatc 8 s ~!W.. (wht dl b6(f to be tiM teoe.uee or tM 

tino ot t11e Pfte1p!tato) 1tJ liable to boc;cs!8 ..,l.oat!e4• b 

b~l1811 tAm4 to booor.e J'O.tt:'.Or laboJ'Sow t.t b&at, ~l lt is false 

e~ to,., to •aw t,t b7 daCitiDtna the t1at ta eolUltoa. 

ettwde. It 1• 4oo tAdv~le to . ..euw tl10 sol~tlon to atcad ovcr­

n!c)lt 1ta a du.rk pla«t, • thQ Ill"OC!pitatf' to altahU7 coepoocd 

by lf.abt. 

!1m 1fey to tr.o su~so of tt-o nru11 roo~'t ltca 1u ataftio1Gftt 

~ #<nd 1\ in aentic.l tl. t tbo rmeh1D8e bo n~e~tDd UQt1l 

~ttlftt Sght 1! obtaimcl. 

£&~111-· 

. ro •'Jlto sl'low ' trl.ab ae ot ceurGQ1' ~ ~~tn!oe 

~ l.4 obttl 4 b)- \be ot thto ~· It ttwe bottoP rost:J.ts 

than urt t)t)JOr ~JI'O inwetiJAtod by tb3 eritol' aoer)t ttJtt 

1odof'Dtrio t"&tbot'l• ~the (NO;~ ond ~uo1btlit, ere of tM 

Sr;;JN) o~ tl ob~mc! 1fl tho rhwrr.J.n: \ c.n of td~holldth 

d1l'ettif'la~1~. 

In eptto or tJ ~~llet)Q) ot tM recults tlo authoJ" roc;or "''ncW 

~~t, o:t«tpt 'ft £Jf.GO!Al. ~a&e$, ~iCOtto:lt nJtllod b& liolt~. SuliCJl• 

t,r., gtws !)Ulto onlJ el13htly 101m uceurate lJ.lld an oottltll,1on 

with/ • • •• 
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tt1tll it oc-..~ c:ml.)" (l b'e~UM ot thft tiM J)Codt(t t01 

~to do~t!t:e. If groat.r oouutncy 1e rt)qufrecl • 

~tric ost!t:ntim .1$ to bo pt fe""d• 'for~ .P~.POS•, 

eit"ler -~ t1on. oitb nod:iUtt Wotulpbl.\to &ud aub:loq~t s.oc». 
net?ic td.tratton, ~ ~trl.~ \i'Wa'ti(ll o.l~ a8 ~f.'Grabl.e1 

tm cho!ce bo~ ~~nt, Q1 tm ~aeoce or other lona. 
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1b9 Cl2!1!ft.1c B$t\ U~ Of lflw~. 

!ho oyon1d& ~~ Sa t1w ~1\ltlltl'lo mtbod t'IOet wlc'ltl,y U~ed 

t~ the e•t~t!ml of niclsel. It u ~:lad t.o~ to tho ootif!G'Uols 

Qf n!ebtl 1n t.bt tit t&'ti. bO!! ta. tMOQ.JBMte ~ticm 

ot oppel' • -.1 t.trot'dll 4ln C!I:Al.t!ple or the meetn~ltr to re~ Obe 

ot tbo sum~ uce4 1n a Pl'\WlOUO t t,ton. 

~t ca ~iua ~rd&t toacte- witb tJU~ lodide to ~ 

J:As(CB)~, no potD&Jotur:t th!t»~ fCI'J!'S IA6{ )21 tbun intor-

~ to 1:b) "" tton. tho fir t ~41#0 tht wttw uee4 Sn 

e llt-ter:pt to e1~to tb!o 1rltM'f'or.mco ~ ad.~t!oa w!th 

bro~ waw to eul}ilata- liM b oould tbel1 bo precipitatod with 

blriura n1t'rato {chl<rride COllld not!» used~ as f.t nolllA ~t w:t.~ 

the eilwr ni~ ) . The otblr 1::-oducte ft-otl ~ oxldo.tion1 

r 1 t~ to ~~~-o 1n thO ~t.l-1\.< tJ.w tion. 

the oeparaUon ., tsnally rtcwtod 11ith rc~ nlv•to, 'Thiok 

tort'Od the! i~Joolubla liWCiu.toU.S thioo~ wbidl wee t.u.~ ott. 

Procedure .. 

l w 'J'bQ IXJte:se1 · Q)'&nido ooluttou W® f~t e~!Ded oedm\ 

tan®rd il~ :r.i~ to mution. tolJ ·-so J!l. .• ot the 

pottl.e&!.Ulll ~ B()l\lttm 1o a QQbioe.l tl.futk ro dUat.bd to 

ebout 150 ~. ~ 2 m.. ot tbl potQ8111utt !odlde ~t ~. 

!hie cmlutioa l)U$ u•.a.~ wttU e tJ~ &11~ nitrate ooluticu 

uutU o. te.Jnt ~t opi..l.(}SC$100 obt.o~. 

e. A 8~ oolutf.m <lf t-ot-o.\ll'CUS bltt'ato (tho tU'DUDt ot •'*'­

t!d.~to ~could bo col.Galctad tJio!t t.b3 at'OUDt ot eopt.er 

f'o1.d and or t.~ioc~at& orld$4) '408. aMod 1u 25% __., to the 

filtftte/ ... 



t!lt.. M ~«' ~ Uitoo)fSMtte ~Ucu· fllO eolutton 

1'0\U.O:.d to atrmd fo:t' tMc ~ 1 af'tA\l' ¢h ~ fm lublo 

Nf~ tld.OCJtin~W IIL¥1 t1l~cl .fllt t ~ a fl1. ftlWt 

fUWnto be~ ~L tD4 ill 41. r. nto ~ifltA 

1-« t w til"'e .t.th ••, tt. woctttA bolna Ol.lwe4 t.o . · Sa 

!hto tl.'El bo ... 

to a tleek. !b) ~utiM ol!chtlf ~1actt.l bjt tl 

Qdditkf.l 'tt unt.ll n 1Jeht · poee11' (floa .r.eU} 

• • I .-t. o!' e•' n.ttruto 

t.ta 11 and Abo t 2 at. of 

1)() • l«tt&:t co1utton ro. ettalXI• ~ tJQJ.l#J.on tltnl 

t.l. traWd ' tl ia 

•lt\ 

tto Olld~ ... 

aol 1un tb:l~~7 

ot lV'W n1t.r to 

~ to:co. 

!!\~~!a· 
ZJ· acluU<Ie.t · pu qllomf•• 

ilbJ) ~Jl:IC lU~!Illh 10.00 S• eU~~ ni~ · a!uol 4 in 

l® • ~ w . 
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D. rar.o&un P.YM~· 1s.o •· ~s11JII qanicto au4 ' CJq 

pctfma1UJ:t b~"\'l:lido to d11leolftd 1n 1000 !il. w.. !to 

i-"<>~t1~ ~do inc:v s the f!tabiltty Qf tho (J.utS.ort.. U 

the S¢1U.tion 1u to be UD86 f:JWir tUly ~J of ti it le adviaable 

to •W~o it W. 4 bo\t.l oot.\fkJotcd to a bu!'$"tA, Grld to I'Oteo\ 1' 
troD f.lbJ ~ d1crx!4o of tbt a: eQGpbl~ bl of ~ire 

~. O'V&r a ~od ot ~ ko1 lK»\\evo.-, ti.\0 altomti® 1fCI8 

foum to bo ne~1ib1M • 

.Ae al.rG y stn'tild (p. OO) al~t :lll. the dtlttct'iJ;tiorl$ ot th!Q 

!lt'ooeaur. ~in the r:~tt,' and wl of ail..o,. n1tt'atA 

that ;;n,~ l'G~• A ~ of Gf!tir.aUom • <*'riod out to 

'to#t tbeir lati.o luet.e Actu.'lll:f little ~..ftfct ·:blo ditferen 

vr f0t.\$l bo n tbG • h ~·s ~fbNnoo 1e t~ S rl. ot 

.1 I solut:lM 1ch vol :::nl oo.~t)r l» found to the 

o~mt ~trot- Sor te &ltoot. 

Two "lJ''ct.u\lont wbi~ ~t ohtoi"'Id !n tbe ~ido rett--04 

(1) A 1 d, 

:JDCHd& is GOlublo in £" OXCCtO::l• 

(U) b aU nlttato should not bo ot.f"~ r ~ ht indicated, 

~Siat#St• 

Tm ~ tt"Otbod ~ ~u@l• f~r l"Wtir.le ~ 1a wl1!® 

a h1Qb/, ,. •• 



bis.b ~ ot .Wc;,~v in not de~ lw uao ~ \be C)..l~t~ 

Otttii:Attou or JligJsnl a not ~. tCJ (e ct tbo Wu ~tora 

~loa tbo reoul.te iQ h ~r!nNJto~•• ctK~ In 

&.tc t1ft4 tbD ~tnt. . bt •t-undard$.M4 h ~.-. 

ul" ot " ~lt ~1 t'fJ:t • cbtaimd. 

A f'~ d !o tht ln J'1lol8 at cotxs.tt. 

Ybo S't'Jc:ml obtA:\nod SA • ~rJ 

Sn !a\)1e 12. 1\ ~J.td be outo4 

of ~ti.on:) .. ~ 
· ;.of error 

tnl «<rdat t!oMl IJ0!11'i.b . So 

tJ• ~ f.1m. ,_ ~- tel Oolutlcll 

ti<*D 1Pt ~ ot ~ip1tAttce -~t 
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!rUJw u 
~tiCAl Ieight. of Cov.ptr 2'b'.torotiool Volt.V'.It loluro .Niclael 

Ooppr Proot1ttat& J'ourtd,. Bl~ 1 ~15 IClt Found 
J I It• TfUt' Qb J «•, I 6 •• I ·· • I JJ • · t 

,,ny., 
I ml.• I• 

• 1529 .07009 s.oo <Jl .SO .06919 
. lm32 .0'1952 4. Sl..28 .0681' 
. l.S27 .019'19 4.96 31.00 .00825 

.o"/9$9 .15£1 .019?9 .06822 6. f.S &..10 .o6829 
· 1526 .oms &.02 31 • .0 .06822 
.lJWJ .0'1068 s.oo st. tm .068SS 
. l&t.S .079SI e.oo 3le29 .oeoo.s 
.162! .0'1950 4.98 31.40 .05828 

. S86l, . 18&1 • • 98 4& • .10~9 
• ssea . lOOtS s.o1 M . ?O .10~ 
.ssa .1002 6,0! 44.61 .1032 

. l.B«l .ssss . 1882 .10!6 4 . 96 .M.GS .10!2 
. !668 .18M s.crr 44.82 .lOSS 
.!561 .18G2 5.07 M.oo .1035 
• 3565 .1002 6.8& 46 .. 46 .1040 . 
. !Sts64 .1002 &.01 ... ., . .lOSS 

.~ .U91 5.02 oo.oo .08202 

. 22GS .ugs 4.99 se.,~ .08181 

. 2181 .U92 4.98 sa.a .08172 
.1192 . 2208 .ugs .oaea &.17 50.85 .oat so 

.am .U91 s.so 88.00 .OS2!Sl 

. t282 .1192 5 .00 SG.e5 .08221 

. 2181. .1192 e.o:l oo.n .oeus 

.228.5 .1191 - ... -

. 2'717 .1410 s.oo SS. l.? .omc 

.ms . 1419 4.08 5.5. 41 .0788C 

.m& .1419 • • 9a :Jfi-.56 .fi11Yn 
.1418 .2112 .,lQ? ~078?& o.48 sa.es .0'1832 

.me .1419 s.oo ss.se .07h'n!. 

.mo . 1419 s.oo ss.et . 0"18"'11 

.2'710 .1410 4. 98 sa.o .07SSS 

. 2*1'1.8 .1418 6.00 36.52 .01929 

.31!51 . .1102 4.96 S7.f!t .08428 

. 3269 .1'108 5.00 87. 29 .0839t 

. !26S .1108 s.oo S"/. 31 .08404 
.1V02 . S259 . l.?OS .08403 4. 91 ':lf. '!l'f .o8450 

. 8268 . 1"105 4.00 S'1.33 .OB40C 

. !526? . 170*1 s.o1 S?,!S .o840~ 

.5260 .1'103 s.oo $7.80 .o64ll 

.s~ .1?01 .. ... -
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II 1 'f (taU t ,,. J P • • ... 

s~ DeTiatt• Aocura07 Probrlbl• ~ S~:&rrot". 
(x 104) (x 104} (x lo') (x lo') 

12.91 17.19 a.GJ. 4. 561 

o.9tss 2.56! o.srm o.527• 
0 .8462 0 . 8542 0.66!4 o.tJOO 
1. 50! 1. 659 0 . 9000 c.-tam 
l .4M 1.'182 0 .9680 0. &1'18 

~~ 

7.866 s.u, 5. 250 2.T?t 

2.921 ~.020 1.952 1.051 

M. 55 26,78 1e.m 8.&86 

26.20 26.11 16.M 0.95:5 

18.61 2t.S8 12.54 e.ess 

fablo f!O/ •••• 
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£om£ 

s tM.dard DoY1 tioa Accuracy ~s~ Standard Error 
(x 104) (x 104) (x 10.) (x 104) 

.1622 .2155 ll'1061 .06786 

4tOS09! .1m .osooa .ol?OO 

.01092 .onm .. 0~'728 .<Jtao8 

.00012 .10 .orAO!IS .os52l 

.08004 .101"! .cs736 .oses1 

lisz"Ri 
.uso .ues ,Q'16$1 .0018 

.~s . IW20 .1884 .0968 

-~86 .n2US .1991 .1056 

.3001 .SftM .2141 .11!4 

.22-~ .teas .ltf>2 .0?916 

_.,.... 

~$· -.&t' F l ., .. J!i'-bl 

~ S tandtor<l Dev1lltioo . 09SU.).: .2402f 

lm /iCC\#O.C:f .1m to .2'/Sl~ 

&on h'ob&bl!J Sn-or .OL214f .1~6) 

W1 a~ r.rz.or .034:51~ .o~; 
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llhe.n ~r~or iQ !:t'OvJ.ritu~ es ~~ tb!~to t.bt•• ~ 
an~ or vol=.metl'!A.; \'U.l"1At1~ (Me &!·• 1'1 ... D ) in uhillh U. 

.. 10o11Jit&to iLl rodi olvod .. :-ld tt.e con ~est! ~4. !bo bent 

~ ot ~ io tht !odata rott«l, wh1;11 a ulso ~11.\lJ 

Yl'l31~ \l'e rent eMt.J.r;' ~ YOl!t tr!c duro, ftbr tto !od1do 

rothod1 tw tJ• d&~t1011 of ~· I t wo.e e~d k-\10 ft.r, ~ 

to ooo hal tt ~ w!tb til) 4treot ~1mtt'i~ ~. and 

eo~y w (},tltmslto ~talnoatJ M a vol tri.c;; ~. 

~· 

~1\'ed e.bote (ro .. u:r • U 'T). !tJO r.nclpliat.ad ~Qpl'01a Ud.o­

f!lto&-od ~ .. n ~So. 5C tilw. oM #Jahacl 

~l'VO tS .r.ttll a olut t.:t1 of 1 t!• pote.au1Ul ~i~to and 0. 5 • 

~odi ·~Jbtto in lOtO . 1.., t~W1 t.mc1 t r. tour tt vttlt 

fll1l elcobol.. 'Jhl laet. " t,u,g 1;04· ul~d to <!rtt1r1 iilto t«1t. 

~ ~~ f'Ol'r!-.~ chl.()l"ido t\01.\lt-!QQ to to \ f-t8 ~=·l&tb N~l 

ot til te. (If tio Wilt~ ~~~ ~'• tto illC 

~.tt. ba or.nt~\lt4 tU ttB tolst. StJ niB tl'fo) . Attar~~ tt-o 

vuuhl<l ipitat.e ~r.rt'OO with tbt tilfDr ! :tel' t<:· & 210 e-1 . 

oto,v4-orod tlwlk ~n!nn 80 r!t. cOMOnt't\..tDJ ~~~lct.-S.Q nc!4, 

00 1. ou.tor tmd 5 r.~. lorof'~ (or orbeft wtr ~~orl4o). U. 

o. l ti po~lun ~U. oolQ !M w~ tbm addDd !uir)¥ mptcn,. t 

ccmton / ... 
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contcnto ot th! flt.::~k being oO'llaton~ awbled. m.m tbo fodfoo 

~olQUl" had jwt disfl ;:oarod fror.t tbe solut1cn• the tl!lsk lta!J 

$torr-erod artd tho conten ttht\.\&n wey ncorouol:y r~ at lout a 

-J.nate. The organiG la,.or would nott bo ~olo~d ·~pus-pl.$. 

fro that rotnft tb3 potcweill!! iodate R8 addod ~pwioe, tho 

atoPJ. rod tluk 'boi!38 a.hakDl\ arter ach ~tJon, until tt-.o iod!M 

colour d!o~~arod fl-oo &ol'VOn\ 1 )1tr• 

~Pf!"!t!on ~t 0. 1 If ~•1, I~~· 

Potae ill!~ !o®: ,_ 4r1 tor om !~Ul:' a\ 1~0c, ODd th)n 

alto: d to cool in a deeia~tor. 5.851 , Wft"'b then ~ed ~t 

i!lto a 1000 f;1]. . flQk. 'tho ~olutio.a flll kcop itvl&tWtel.f. A 

solution tbWJ pro d M t.&ndard1s d ninat a e.tandu:rd OQP)U 

solution an4 ti'O n~ity was found to bo theoreU.C..l. 

Cooe\!!!i9Jh 

ne iodo.to r.otho4 sutte~ tro a nuclM\r or ~ which 

not offset b1 1te ad1'an • FOl' 0$ tb1n.g e oatitt4tiorl :to 

oxt~~ly ti ... (m:)umlt\1; not. only doc:;a th8 olution et-~ O'VIIrn1cht, 

but tbl ptMip1tat. tUSt be •hxl larg9 nurtbl)t- of "1.-o. A ~17 

oloo t1lte:r J ne~:JfJ~ O'Tinfi \o t!.\Q finfJ~a of the pree1pitato.t 

and ~ W30h~g 1e wry laborlcu.s. !hs t.~ witlt alcohol BN 

part,1~vl)r •lowt each addition taJdns o.t.otlt halt en hotll! to droitl. 

l'urtbotta tt fo\Jld tb&\ tho preoipitate r:mt not b& lett ~cl 

w tt au in fob) f1l to~ tor :;y tim 1 it cal~, ODd tte ftaction 

'lith tile !O<kto is ..or, d!ttieW.t to being about, onl7 vel')'" extens1'fe 

ahal1Jl8 w1U ~ lt eo to oot:~pletion. 

the end/ ••• 
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Tho end..potnt 1a WJ"T.; dC.'iltatete Qnd can 1$ doterr-3.ned roudll3' 

to \'fitld.n halt u. drop. On tm whole , hom)•r, tho Mlti!:od otfet'o 

no Gd\1t.ntnpoe ovor tho fF4.Wii'Ctric prooeduro 1 !l1l.d tll$ ~uthot' nes 

t.to P'outl& ft:lt' ro~~-end~ng 1 t. 

too !od~trt~ ;:.~ot~uro 1a inf.brltoly suptl'lor on all c.oUJtte 

uo a ~lutJJ&~1c retl.od. If it itJ w!.tth$4 to uso thiccye.nato, tho 

~w1c pro~ iD r ref'orable. 

fbe &ti tion ot Rlokel \Uth oas.no. 

Cbdne 16 c. of tbt booti knoml ot orgQ!lio ~cipit&mtfsJ ito 

MSt uotablo ¢h=>RCWatic ~ tbet lnr"go rw r or !ooo •1th which 

1t rw• 1=ol.ublo ~~1¢.to.toa . lise ~ Jn tm "t.ll:!.tioo vt 

msne-t.um and Dl\ltdniua 1:> fdrl71ri.dtq ~.but DO~ •o ite 

appli~atian to tt:o &twl"t'.!na.ttm ot co~" and nt.cllol• tt wu 

o~1ed bero, f'!htl1 U> oat.abliah thiJ ~t ~i at.Gl ~ 

ot which no MldOIQ!'ipt!oftie avail bl.o in inglitth1 autccmdl1 to 

det.tfttb» Tlbl~ its uee eftflltO any ad•etaae Oftt' tbO ~ 

~i~ ~<:ed~ - an~ tbirdl:y to Gfi'tAblltJb bow tbo NfJultel 

nbt.Jnod with itel uae OO'!}:a:ta n!tb t! J"OOulta QbWnod bf tJfJ~ 

Tro:ro om 'two ~mal ~~~a a.-.aUable ,. In both, tbt 

ttickel !$ f'blnt precipitated in ® acetio ac1d"'ttod1Ul'J o.getate 

bufte~r solution or pH s. fb.'\ ~oip1tato f:AY ~a oi~ bo 

vm1gbe4 as Ni(Cgt4;0H}2 l ~0 an.r drying ~t lOfic •• e>r !t ~ 

~ clriod 4\ 14.0° anQ ighe«l ISO thCJ tlllb3*icle • 

~ems:~~~· 

!M CldM eolutim •1 be Jn'9pDred in oi tbezo o'l tf'~ foUowil18 
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(1) 2 g. oxial.t aro 4118ol~d in lOQ ml. 2 I a;::ot1o a~14, cr.d 

diluttl ~a added dropd.se wt~ etb'r!n(f umu a 

olJgh' pl'Qeip1tato t(ft.le . A fn'\1 dropa or cc.ottc ~:Wid 

aro added ~ d1eeol.~ 11M ~~ipi tate. !!-. •Uutioll 

So ctGblCl ~ 01/' :t..mm ini»tinit&l1• 

(11) 2 I • a!no ar& .U.sel'fOd 111 100 t'll.. ethJl clcobol (96~), 

f:W'tb;yl o.l<tObol 01! aootone. !hie eelution, ~ r.uob 

m:»"" ~niont to prepa:ro, bu ~ die~tagl tba\ 

tt ~~-- tdJ'lJ r.-pi4J.T1 ~culorl)' S.f axpoee4 

to ll!Jb', ~ 1• a~blc tctr OlU7 abo~ a .,_,'* 
A I!SGt of ~\iva ®tit"' t10ll1J .,.._ ~ Oft ll!~Jcrel 

$QlUt~ tiling OJ":.l11e l'O"C$11\ pl'epal"'d 4CC~ W both of the 

abow retbQdo. N:O Qi{.lflifiocnt dtttorcooe could bG rowacl iA the 

rteeulta obiat~.. !he eoecnd thod of proparutt<m itJ to b8 

pretened if the r.eagont 1a to to uoe4 £at u lt.m.t.d n~ ot 

cot! t1CNt, but i t shoul.d bo p:roP4ftd m bulk by the tbtlt motbod 

if it Ss to be used over tmf C<m~Jidtrable period ot 'tilfO • 

:aadaa· 
To the fil~te bott tbo tbiQqunn.to oepar.;.tion or C(.)l ~ u itns 

uddod 6 «• codtum a«ttate W1d 10' of ''"4)!ol. ~Uc aold. The 

s4)lu~1on noc ~to aboa.t eo0c., tmd tlle ~ olut1CIIl 1D 

261 ~cee• GM&d ~ with ~tant s~. lf ~ ap~t­

._ COUftt of nicl!el f;d!Ocontt 1o t'lOt lmowsl; the f4'8celK10 of exoeso 

-.s./ ... .. 
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oxL~ oru1 l:c sceu f!'oru too ~llw colour tho solution acquires 

when exe:e-sr, md.m 1s pt-es-ant. The solution was r~i!Jed to boiling, 

being st!r!'ed ~11 tl:.e ti_, to avoid l:tumping, and lcept at tL11 

boiling point tor tiw minutoe. ~ solution wu allowed to 

stand overni~t (6 hctlrB) unt!J. q,lrlte eold, and \taG tllon £Ut&~d 

through ~ ~ir.rtcrad gl4US crucible. !he: precipitate was washed 

thor<>ugbly with cold wo.ter, driM fCJr two h<m.n at 100 ... l05°C., 

and ~ig!l:$d as Xi( CgH(j0!~)2 1; H~, After the precipttate had 

bee-n washed and dl•ied to co= tant weight, the ter::p$rat'Ul'$ was 

t-a1eed to 140-145°0., and t:l» drying proctes contirlu9d tor anotbor 

two hol.tr.e. !he precipitate wM t.b3n •igbed as tl1(CgBsON)2. 

~sSY§sim.; .. 

It t!!\S found t.~t on adding tho oxine 3olution to ~ nickol 

~olution :.n the cold, e. i'fla?y floccul&nt p.n111i precipitate 

f.orlf9d . AttettlS ·t:.c cat!•~ tha ni~l:.el by •1f.h!Qg this lflc1pt­

tete wo.ro ~~ucoasstul~ tbe l'OBults beblg W'r:f d!soOi"d.ant. On 

'boiH.ng tba t:ltttttr-3, how&wt-, thi:: pro~ipitc.\e rQadily Qoagtll.ated, 

but tho nickel could not 1x> eati'tx~:tea 1>1 filtor~ and W611Jhil11 

thl.s prGcipitato owing to its aolubUity in hot water-. It was 

there£0l'$ noJ:essary to allow the :sOlution tc eool c:ompletel-1 

befol-e til teri~. 

It ~ tourui ~ceesary to laMp ttl& exceea or odne ad&td 

bolorr abo1tt 40)"• Oxine 1e mueh le:ts s oluble :1n cold than 1n bot 

water, tl%1d my prooipitate in QIQ\lftts exceeding thiR valuo. !his 

prooed\#8 • howevel' • atfor'de no ditf'i<?UJ.ty as a. 5~ exceSG ot oxim 

is at onoe shown by the t;<>lour o£ the Qclutiotl. 

It was/ ••. 



It -sTil!! folmd ~cu~sa.ey to dry fttJ.r- tuo hours :J.n tho first 

c--.~!1 because the te~e!'n.tu..~ was just ~r 100°c. and the moistttr$ 

evnpore.'t(ld only alowly,. snd in the $800nd OG8e boeauae the eon­

wrtdon to tho ancydride was h1CQmpJ.ete in any sbCJ"Wt-· til$. 

£2JlCl'§:'.OO II 

~..dno giwo reasOMblY good M$ul tis in nicJel estit1at1ons , 

by Wt\ighing th9 ~<:>q>la: eitlw:r hi t~ ~ted 01" tha anhydrOus 

fot"rns.. ~re ~ little to ehOOife between tbtlse twoJ tm accuraoy 

i .11 effecti-.el.y the nam, Weighing the hydt'at$d f~ appt)al's to 

giYe slightly I'JOre re~ucible X.ul te . 

~o ~isa~"lttig(lt~ a.ttond~g :t.te uae are firstly, the la.rge 

Il'UJ:"Y.)r o£ interfering ions >:Yhich alttQ pro¢ipitate with Grine, and 

second~y, ~b3 na~cr.it,: of e.llO'!'r~ the r-reo~.p1tatc:l tt> atnnd 

owrnight. 

It i& a oodt'rat~ly g¢00 ro~.gent f(;r detar.!tining nichll from 

solu.tlcms containi\'.~g ni<:l@l ~ tl'le only r-rta.1.1ic ion• but it 1s 

sol<ltio.n. 
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• US • 

~-
!heoloU:~ 
Bbdrbl (s) 

. laht ot 
fl!eo1pttl:lt. (H) 

nt11;J«)1 ~of !ltc&a. 
found f'Noipt.•to (A) V~ 

., - 1 t u-a t t • r 

. t420 .05fl6 . tml .omG 

. 2419 . OS1Ql .ne~ .OSGtJO 

. 24.C'J;9 . 007l.G . !II)S .o~ 
.osvu • .,41! .a~692 . 2181 .0!085 

. t41? .osaoo .nso .o~ 

• P! .omn . tlS9 .0"'71~ 

•"~ ~0 .~200 .05715 
.24$2 . t?l.OO .ti'Wll 
. riGS .Otal8 . P.808 .otti 
. ?.1S8 . 0428) . 2602 .ocrs 
.mea .o42UI . 260! . (.l421"1 
.mae .• 04210 .u,..,., . OC!lS 
.~ .~ . 2SOS .~ .m? .oast .rooe .GC!36 
. 2ftm .otm ~ .C4:Zl.C 
.moo .04US . P.®a .o4W 

.1852 . 1001 .(>2839 • .1847 • or816 . 16'16 .~ ... • tess .02GS7 .1000 .o28SG .. ~ .1818 .01800 .l.G7e .o ~!lC) 

. l.MS .one . 1mG .. o::OZJ 
el.MG ~ .-16?4 .c:m .l.Oti8 .0~ .1638 .OltM 
. 16&1 .oeasa .tme .02830 

. 2SUS .osaoo . 2283 

.f&M -~ . 1"::00 

.1110 .c~ . 2182 
.osae'r .2650 .osen. .am .m.o . .OMSB . 2288 

.~626 .o38G8 .2tf'~ 

. 261.!2 .OSOS9 .t!2a~ 

.~ .oseas . 2S!n 

.mu .06001 . • 1&69 

.~w .ooeoo . t::UG2 .otau 

.5182 .04190 .etm& .047~ 
. <»Ill . Sl4G .04814 .. sro5o .Ot\81 

.~42 .Or48CW .. r.aso . 04....1l12 

.!146 .04612 .2!)62 .04nl5 

.sun .04?98 . tGW. .Of!OOl 

.n87 .o4SOO . 200 .0470C 

u • clpitato :In ~to<l tOI'tJ 
A • Ptec1 .. ·lto.to 1n dtt1*"'~to4 r~. 
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s~~'io&J AOQll.l'UoV ~Bftat s~~ 
<• xo4) (x ~} t. JD4) 

10.55 11.67 7.o ... S.'/18 

:w.os lD.9G 7.!0 :3. 0'rl 

a.tl:JO 9·* G.G&a £.014 

e. sao 10.18 s.om 3.14 

s.aa 9.001 s.coa 1.914 
& 

(Prooipi to •• fa ~t<Kl fi :J'lll) 
e.m u .Sl 6, 022 

0.2~ !'l. 87G s .. 408 

ti. 916 o.w ! . 914 

,.m o.ta 4. 614 

a.OH lDd"' s.S62 

(Pl'o tpl til ~in .~tom) 

1S.48 16.08 a. 
7. 001 s.a& S.,3lii 

c.ltlG B .. 1.,6 4.CVO 

8. 9?8 '.G!S s.~ 

10.25 u .oo 0.034 

I • r I I 1fi • M l I 8 H ltl . ' "'*I t 1 11 fiRif'f 1 l T f hit Dill f1 r llf t & ' ... Ill 11n 'i ll I 
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Ae~ur .2 Prob:blo ~ 5 tauda.rd !nor. 

. 2421 

.2801 

.1905 

.2348 

.1951 

.4319 

. 2001 

. 2187 

. 2705 

. 2744 

JU.cJal 

~n "'*'· . lSG?' 
.u~es 
.1565 
.u·a7 

(Procipitaw l;Oigood tlS lcydrawd form) 

. 2553 

.1946 

.2088 

.1909 

.. 1072 

.3101 

. 2356 

. 2169 

. 26125 

.2155 

.1569 

.129? 

.1505 

.1m 

.Ul5 

&cml 
(Prwip.itate woifibed 1n 4:U'lhJdrotW rorm) 

.sa.~;... 

. 1803 

. 2156 

. 1545 

.£150 

. 4050 

.1~45 

.2181 

.rosv 

. £40S 

£9pr,g 

!.bon S t<mdard Devi"tion. . 24nf 

than Accu:rocy . 29511-

tm Probeblo Error .1~1-,r 

•an S tMdard Error .Oe59'7% 

. 2421 

. l$90 

.14:36 

.ll~!O 

.1421 

rjic}$!1 !&W:YW:o~) 

,22551. 

. 2525% 

.lsgs,~ 

.0'7997f. 

.1104 

.0008$ 

.06?33 

. 08498 

.0002$ 

.00328 

. 06005 

. 07586 

.0675! 

. 05914 

.1284 

.06524 

.06524 

.OM&i 

.07534 

JU.c.kgl. CJJB!.k$) 

.1994~ 

.~473~ 

.132~% 

.o70ssf 

G. 'tho/ ••• 
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llt tl 

CIOnl • lf1 lOUt, Jrl~ f. rdot.l. 

Jft~.lJCO aoptnet!w.r J:IQ ~ tt 

COt X ut.1oll t~ wJdep pl UfAU110 ~1M oo 

thGt ~ nr,t, ~owo4. tn tbt '~ 
fC'I' GO~ • t!t~C, y lh tlt) ! tno t ntoa-1 i~t 

!:)tc !a, lltl· fer llJ~,o\101• 

fc.::t.,.sn or 1 Mt"lJ 

t •• -In tbo m 
ftt tack ot ~I\ ., Gll11tb ~ b ~o.t~, a tta~ 

of GO.l • ~ bl oo\1 - usc ot 41 J1(t 

~ flo'• u cJ · t • 
Cltd.tltSeet In~ - t,l of.n! 

(109) 
Raned.o •t.1. 

lwt~ 

• 

ol~~ ~ .m~. ~ ~t.t 

1 

~t.trltt la 

eo ro- nee to tt ~ tto touoa m tab • 

t r1l4 Sneludo 

~ diWloc'S Ol'i!1ttcm of ~Sn po!ota &boa\ cb U. rAn~ 

of tho 01"~ po;ot iG ~· 

~ .... 



~ ... 
t'o SO ~1. altquoto of thG Q~r-ni~kel mixture nas Eld 4 

25 tSt. ot a. 10~ eol.uti.an of ao<U.url hJ'P(H!Julphlto fQr every .1 fJ• 

COPi-.e!' pl'Oftnt._ A 11 Alcoholio colut1oo of dim~.-1181,ox1l'\') flffD 

cdded as tzn.aal, and tl'1>n 5 t".l • tmP.(!Oia. b eolutica ~ AU.<*d-· 

to ots.nd tw tiw ~tee with e<m!ttwlt ·~• ett..er wbioh lt 

wao filtorod ~ a £:ble a!lltered gl.aes cruo1b1e. !be pt'e• 

(;1p1 to WMbed rith cold _ _. and . 1gbe4 cs N1(C~f2)2• 

~~1~ Of1,J.?t ¥.1~.~\alf')!te llolut!Ol'h 

10 S• aodi\lt't ~ulpbitn ~ added to 100 i . watort ·and too 

tTholo ~od to bo11q. hon eolut1on 

was tittered to 8i'te elltar solttU«l. 

~UDtCih 

!bet or.tsinnl ~pe,. no\ at fi41 details Ap8r\ troa 

CGcribbla the pror;eduN e40pto4 in ~!!Ia sol ~ted alloy. 

~~ titet llOblt 1Mosts.pte4 tJ8re tbe ef~Qt- of ~u.t1• m 
tl'lQ eo41\l\! hJpoo\l!.s:Mto ccm~tion '*' tho reoultt . lt.., i'oun4 

. 1 tr• or-per prooont. S!Jlller '901\mMJ tb4\D thia ada the reoulto 

b!ghJ larp Y01 up tc Y5 I'll.. d1d no' atfeot tbe tt..nal. :dt 

(p!'O\Piclad tbo solutian wae not. all.CNC4 tQ stault for lca&el" thin 

5 ro!mltD$ l.loforo t11watSal)• 

Y.sts eonf'11'1'J04 t.llo or!BlDol obaenatioa Hporte<l by~ tmt 

hetlt1na Ci.\Wle4 the 1'«Jult.o to bo hi(th. It~ al~o fO!llld that it 

tbe eolutioD wes a.UO'led to etmld tor a ti• eoaodina fin-a 

to/ •••• 



- 1!8 -

to t.ntr 1d.ml hich roaulte ~ obt~inod. ~ ibteaatw 

rllne (.u\ 1~\ n~ t1 ) oft! (fto1~1wte 'ftl.tb w, 
~r, J'G4 4 triO ut to ~' • • 

~~ ahoal.4 bl DO tit se to a. tiM 

ll!.ftttm'td ~l'UQ1bln, the n!.U.l •tptta 

• itt to Ia tho :.n. 

1bt t ~ in .sa ·~ to all 

I!IOl•lt!c» to 

a.r¥1 ~::.J. 

tho lctol"foenee ot tho GO 

preoistoc "ned \O.lbQ th:Sa 

aa!fte tbo tho4 uha <;tJ r 1e ~ (r•ll6) ehQor 

.t.&tltJtJ,J(,I.). to ~ mutually 8 l1 • !be 

~' t tl:le .. oldt. obtablod me ~llr'O lJ 

probabt)r tt.e "\!. tt on u •.lg!Ml 

at!qw.,, wtMd or <m a t!t ~ tho <R' e !e. 

ot~Mn~mt., howe""• u ao e1rilrSlt8 tbnt it So J~ V7 

awn to ~· th~ ~Oll. 

the 4helop!alt or tttt. ~ • ~~ m~ 

exttm\\co to ~ tbodt tor -.l"trJn!n nl t.l !a tbe 

of ~~. a obriateo tM tv tor ~ 

OOJlllOr by a pro~aWaey prootpStAU~ • 0114 bl tb71i;1,...,.,._._.., ... 

to/ •••• 
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to be UDecl w!thou,~ bat'~ to I!P thrOU4!h the l~ Cl'fW.de 

tlGper&tic:la (He p.66 ond P• 88 ) • lt o~teo ~l.gl.~ 

to tho l.ltat\lo or "UJo probib1U,.il)r ~tty O'-turild1ox1• • the Olll.y 

importQIJ\ ~nt whiob c:e.n be und 1» &J~.bw nlok&l. d~tly 

when ooppoa- 1e ~o ;pNScm.t. 

'fa) Ff*'dU!'Ct !$1 C.Ctuall71 t l~\ 8D eshort. eG ~ Wdiool7 

d!atth1lg~it!s ~ 1 t!ineie the aolut1~ to til toted 

ilwJ!d1&'telJ', tl.~ thla is to o. rta1n oator.t otfbet bf tbe 

alowor 111~ ftflul.\ing f:rom tho p.t'C)aenc.t &t tNt unc~tod 

preo1p1tute. 

'1'1\iel l~~ JD uaheoiitltiJli].7 reoo~ fe~'lf tbe ~l)'Dis 

of nict.l 1a D!clael-co!:t«" nUt~ ben tt.o copp&r oonwnt ~ not 

a.l.to required. 

~ Eat~t1~ .. Ot SOfel" With ~· 

The '*• t~ the cl-..ot ot oxlDC • a. "at nt. tor tho 

det.r~tien or ~ tbe •am as tlt.OGe liated ot1 P• 129 

where it ~d to ~ti to nickel. Copper P"ipit&to:l 1t'h 

crdm :t all pH's abo10 2.2, eo tholt tt .. ~ipito.tioft nay bet 

---~ either 1n o~ acetatt-Gettio _,14 soluti011D or il:l 

nlkalifto eolut • b p:l'Mipitate can either bit 4rled \ 10s0c. 

and we~, or d10Golwd 1r1 dilutG ~oric acid an4 tltl'ata4 

iodor.etr! llr• ~ceca oxiJw dee& 110._ .tll~eroe with the Utre.ticll. 

!be ll..bor ted 1od!lle ~ ritb b oxiDe gtvmg (CeH7110• I2)t 

~ '* M04tice 1th tbia.ulphato proceRD normtl)t. 
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An 1ntol"oot1ncr point t7hiob e~.,_, dur-iDs tl\o ~ ot 1hl 

'*"k.., Vlo.t Jft p:eol;dtAti»e ~ ~ tbe t11W'oto tJtoD tht 

~Q\tJ GO~t!Cft, tho eoppar oould -.,.. bo preolp!ta-ted ~ 

plet.l¥ So al.WSM •oluttcm • t a ptl ot 2 Obl7 W17 $l~t 

otpltaUQD oc UJ'l'G4, 'IN\ 1t lnoro •1tb ~aairte p81 

~ <'l "·•uw at • pn or ' · ~ben 41tle~ .... 

use4 1 bctAivcr • ttD oopper ,.. ooqdowl.7 held 1u •olutioft !b on 

ltc:alt.Qo ·• ~ tJOric em thte \tlf~lJ' tad 

b7 l&wk ct euppll• ot c:o£illo. 

n. ttlt.wl11e ~ n1 1111 e~t.tca daric I'M, tAt 

tuftlocl • l.iellt ,allow Oa\ aUr~. fo tbi&l ~l.&ltlc:e 

s. 1c noi4. A ~ ttolu.tlon of •ocli ~Sda 

almy •lth ·~ tetU tho oolttt1 MUval. 16 nt. 2 a 
•cM.ut:t ~ldlt :re tl*l a&lttcl. o1n.t1QD fJ$at.e4 to cslc. 

tho catna oobatte {pro ae ~1bect oo P• 129) Oddocl 

droprSse llith e~ ttnw::l. et!ni • Ubt11 ts,: o t 

( 1.6 1G61 t.c4 lry tM GOlOUt' ot the &oluUCO eo~ a 

lSgbter bodo). •ol~t1ao rata to boil~ and estbnd 

Ubtil UJ olp1tn w . the tolu.tsa\ theG 

a.1 ~ o\:.l.M f<»' I 1~ :ttl quite cold, tut&r8d 

throusb • •1.-t~ g cn.c.tblo. ,. l ...... :lpttato 

.fifet w!ih 3 I01ttt1Cill 40n~ 'J$. ~1UD ~ 

!~!do, .orsd tliO!l ,1 tb cUotlU water ( ft"'I \1 

It &-~d at 10aoc. ~4 wtsm4 • (Cg¥ )J!Cu• 

$\OlAcl 

ODd 1~ Oodlutl 

ritb oaob). 

Jt.-/ •••• 



• 1'1. . 

tk.o pl"()Q1t.\i:t.o.w t~ 'toau to e1)ns\8nt nlebt1 ta 

e1ntm!Od 8 Ol"Uelble nncJ lftcit-1 tate tl"..wGfelonld to b. tc 

conta.imn 41lute hJdl'Ocb~ •~td, am tbe •hole bo110CI untu 
tho ptec! 1\ato had &eolved ~letely. A!rOn!a ~ ~ 

dropldOe U.'l a nt bluo ~lour ..,.Jnoa. 1tc soeoo 

Cot~ boil ott tU1d a.fter ~. rz 'ell. 8 11 ~~10 

~Sd • t1la CO]P)r tbcn tl~W iodot:u\r~tlf TD!n& 

~ I GOdites tbitQ~ , b1 tbo UGwil. (¥• 99 ) 

{70) A . ttu.t QCld1 ti.s ot l'1)tO l'.boa l5Q :tl.. 2 I 8041\m 

hJdrd at• lOIJ alt.. h au~ tO'tiad that VOl'l:&tMO 'fiJi to 

60 1. d14 ~ pr~ d. 

n. ulte c~' 1D detonm ot co wt ~ 

ClN or t!Ueh tlJo • ~ ot ~curo:;y \h ~ tC# dolel.• 

G.n4 ta CD p .lB2 $,ppl1 oq l7 001$. Tho ~\l\. 

obto.tm4 G1'0 • ~1&1~-tor)' bll~ u-. ~ Sa " ~.. " 

nut:~ of ionc 5.%1~. !th tbo 1o4 ud tMo-

~te t.WailAbto, ~ sa lit.tJ.• l"''~:Jm for u:ti»s 1t 

in Jftft!!!truM:!& to tt.ee. 

b rea\ll o~ 1n a. rt o£ •o~ t.W%16 1.\N ebom. 

in tt.bla u . 
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tB!4I U· 

· n.orotical fsbt ot ... 'kal 
I lt&Rat htl- .f.Euf,;itata._. lsmnda. 

.099& . OR018 

.ms .01'.01'1 

. 0990 .00010 
.OtOlO .oooo .0101'3 

.0991 .02016 

..ooo& .om16 

.0904 .OROlG 

.os94 .02018 

.1681 .03414 

.1678 .05408 

.1617 .03406 
.0£410 .1680 .o!4u~ 

.1600 .OM12 

.1686 .03426 

.1081 .05414 

.1818 ,05408 

,198ta .04025 
.1980 .04022 
.19?8 . 0401'1 

.1983 .04027 
.1981 .04014 
.1900 .o4Q22 
.19'17 .04011 
.1002 . 04025 

.1m .0559'1 

.1m .o~., 

.1711 .o ... s9'1 
.O?;GSG .1?00 ~91 

.tm .oesw 

.lrll .0359? 

.1'166 .os68? 

.1'1'12 ,03 

. 2!10 .04Sl 

. 2314 .04m>9 

.uu .0469G 
. 04€106 . 2Sl.l .o,694 

. 2S1S .04704 

.2.~1· . t4699 

.~312 .04606 

. 2'114 . <MCC9 
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fablo 24 

!hoor'Otic&l W011hti ot Coi-P'J" VolWJI Copper 
P?I:e!:!. (I) • PNolpi1late Pmmd ~tEa Foun4. 

9 • ... 
. 2259 • 04081 2&.64 .0408! 
. 2264 .04000 28. &6 .04087 
.2m .ouos 28.?1 .04108 

.0409! . 226!5 .04088 u .ee .04009 
.wn'l .oou 28.61 .04060 
. 2&!88 .04096 26. 1'1 .04090 
. 2263 .04088 ~.61 . 04000 
. 2200 .04085 26. 68 . 04086 

. t8'12 .011.88 32. 54 .oa.tee 

.281'1 .08196 ~.OS .0$199 

.2875 .0519& 52. 68 .vm.92 
.o&lM . 2910 .O&l M se.oo .05180 

. 28'70 . O&ml 62. &1 .05196 

. 286& .om.v• 32. 40 .ostn 
1 .o&:ll06 st.eo .OS196 

. 28?0 .on~ 32.49 .05117 

.1672 .o30t0 18.91 .oS020 

. 1&?3 .0502 18. 92 .00011 

~- .0!014 10.9! .OSOl 
.osos .urro . 0'5018 18.93 .00020 

.1000 .0200'/ 18.78 .0299 

.18?6 .osoeo 1&.98 .uso2' 

.1676 .osoao 18.98 .05024 

. lee? eO SOlO l9.9S .c~l6 

.~16 .OM49 M.07 .:OMU 

. J029 .05411 st. l7 . 01468 

. !018 .0&&61 34.12 .064&0 
.ose .!Ol.t .06441 54.07 .,o~ 

. !022 .0646\l 34.12 .oMOO 

.8026 .oMtrr M el6 .oHr~S 

.som .06455 54.14 .05465 

.SOl 'I .oseo 51.08 .o5MS 

.18)0 .021!18 15. $9 . 021.81 

.11!09 .02186 1:5. 62 .oan 

.1203 .onn 1~.- .021?6 
.00182 . lm-1 .onoo 15.66 .02171 

. lJ!O& .02lf8 1S. S9 .0£1.81 

.1107 .021 6 13.71 .onM 

.lto2 .onn 13. 82 .021'11 

.1208 .onea 15.68 . oet"19 



S~ llleiY1atJcn 
11 .J$ }9!) I 4P 

10.20 

10.40 

10.05 

~.1&? 

4.971 

1~. 
~ Eft"ClJ!! 
,, Jx, 1o•t ••• 

4.100 2 t 60G'1 

&. 5815 s.Ht 
4.269 •"I~ 

4.o?l 2. '11., 

4. 597 ~. 18 

10.22 .eoc 
lD.eo 6.9!2 

u .:se 6. '100 

10. 32 6.104 

5. 008 5.514 

.£9D?!t (Vgt5'!f:Jit) • 

9t~8M ~.~G 

12..35 "' . t;4Q 

1~.~ 6.840 

U.l& 4.i66 

?.121 • • $?&3 
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s ttl.. Jard Dori.a~lon Ac :deN i.ftoor 
... .,. 1! 1 l bt • • 

• leer .moo .1242 .06S81 

.tm . l91G •llGI .oo...,. 

. lost . 105 .08007 • 
• 11!2 . ll31 .O?UiO .otlC6 

.o0042 .oMIG ~M9 

C2Je£ (9raJ!!rt£!g) 

.24~ • .1002 .os 4 

• mD2 • .usn 
• saM .a100 .1110 .1170 
.11'!'1 . lOU .tuo .07299 

.~ . 2'1 .1Q8 .0$)&6 

'!Qir.a:t.tial 
.1 .MU . lSa .0"1821 

.1041 . ll578 .11!08 . 06?8) 

• .GS2 • . 1200 

.1217 .~ .081.8 ~ 

.2m . St'G3 .t .rntn 

~ ~ 
s IJD\t'ktt«l . t I • .rn.S&f 

·1A231' ·26901 -~~ 

~-~ .18'10 .16..W,: 
s ·~ .o~ .o?OOl$ 
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It to\m4 tt:at b.f addtne •ul.pbtlrtc 14 to tt10 til~ 

and bon~, ~o Dultbide fft01¢ta.W J•t • lt 11 with 

oOtU tbt.Geo:J.t¥to. Ct1prlc oultfli u.n be l"GCUaeel 

SA nitrto eo!d C!ld tbt co .,. 

thioonl.PI4to • !&14• 29 beL ~ a oot of natAl 

obtainod ta1fts thts ~. 

OoW~W Vol 
3 ~r!!:f~ Coppw FO\D!e 

dl I 

j ·'· 

rnl.. 8. - -
U .f.O .on eo 
l !;.e'f .oa" 
l . 1 .02J,6 

.021$3 1a.n. .o~tot 

lS.('4 .on"14 
1~.66 .om.-n; 
l!J.ae .oneJ. 
1~.7U .on sa 
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I If 

!be, ~ti, tiot\ Ot liickel !z ~And, Lin?en' a tlath~• 

!be final r.ethod ollooe felt atw!f 14'1 th!a tboats di tft;ra ~ 

Q.U tbl otl'le1"8 ill that ttt. cop~r is notUill.ly ~~ted at !:Ot.f.\ll.lti 

COPpel" 1 wM oh !o then nd1o ol wc1 8124 8$ U tod llf one of t.M 

standard aafll1ticcJ. procoduree • 'l"be preo1pttnt1on is •ccorplS.bd 

by l!IOtlZO or an elti~nt more electropositi'nt thGn copper, ttuob u 

ziac or elwn1n1um, 1rllieb will displace copp&r fro! its co~ 

in solu.tion; 

,_ preoipitated eowor :1a filt&red ott, rediapclved 1n nitl"iet 

e.cid and e&t1 to4 either iodo trical.11 or eloctrol)'t1oall 7 t the 

1odor.l'taaio r.etbo4 ~B to be proterroo, ai . it wao tetmd that & 

certain ~tot alw:dnium dissolves 1n t..'- aoid and 18 subee­

quantly do~itod on t.hG oat:.@ dur1ne oloctt¥Jl)'$!a• l:D a control 

$ltJJe1"1mrmt carried out x.pN>dacinB oxactly tbo s~ oonditloro u 

o.N tlon:"Alt,' ~od, ~pt tLat dietlllod wator,.. ti'J d !Mtead ot 

n ®ppor solution, ~ •ieht or thO cte.t.liode was round to 1n • 

by o. ooSl g. If alW11n!um stweto of &J-.P!'Q~Cl tely ttlo oarze surttt.ce 

a ere used thi.u f18Ure 1o ~~ cotlPtrmt. U the elevVO. 

lytic ti . tion is l.ISed, it 1a entSAl to run. a blank and 

eatablieh tbe 'blank value' • 

The procoduto t.ulopted naa th t outlined in Scott.1o 'S~ 

lltthods ot CheJd.eal. Ana1)'Sia 1 (55) w1tb the addSU. ot sowtol. 

1!lp.ror8 nts . i'irotly • S oott di.nJcttl '*t the solllti<m to boiling 

and keep at ttia ternr.enturo tor about 10 tnutos• • In ta«::t, 
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In f~t, ~is time is co1!2pl('toly fnadoquate tor comple• ~ipi• 

tationJ it ge:oernl.ly reqtrlns about Gn ~OllP to etrGot complete 
• 

pre~ipitation. Actually it is lett4r not to heat for an)' tixa4 

tlm, but to con~ heu.title until the co~ beginG \o naJo& ott 

tNt nlw!l1niuc abeet, When the co1•r..er bae tl.alrnd ott the atwdnium 

£>boot loavins th• latter triaht ~ clean ~n, tbft alt the 

cor.- rcr lmo certainly boen dopoaited. 

Se~., Scot-t adri eo the addition or lOi of eUlphfario &<oid. 

lt WtlS found _r,te!EJrabl r~t to .-ed S~. !he pat d4rlgeJt 

~U(:hou\ thia ee~it'"(ltion itt f:bat the COpf-er will at o~ atago 

be ox141aed, and nith the lvgot- oon~ntt-at!cm of eulphuric aeid1 

pt:4"ticularl7 it th Bolut~Ol'l 1s heated at u.J.l etrQAGl.71 th&re ,_ 

£~d to be " U~Uch ~ awr probcbiU.t,- or this ~.utTiog. Betitw 

reaul ts 'lf!Jl"' obtained •1 th 't1'e Dt!'a.1.lor YOlwno of oulphuric 14 and 

ntle J-.eatin« ~ut. 

To prewnt oxidation, tha r.o\allio cop. Gr 1e DI&"'V allowed to 

beeotnO espoood to the (\lr •1tbtr in the filter t:1.t in ~ beal~r. All 

woo!'5~ are pertormod with h~gon eulP,:lda .ater, and the til~ 

1--o.~ in newr &l.l OC'Od to drtdft coq·l~~ly boforo the next additioc 

of waeh -... 

SaturGtod rpOQBn sulpbid& tor in alwa,e add$d betM'O tbe 

tutnt.!O&'l to pr6Ci.pitGto tt.e last t.raco:.J ot eot-:tUt wblob a:ro 

rover eot'pletely Nt~CNed by the L\lum.ntu.e. %t the sol·.1t1on kt heatad 

untU tbo alwaiDSwt obeet i.e clean• tbo a~.ount ot ~uprlc ault:nide 

dtpositad vit.l be ve~ etnll. 'lhit eulphido aeno~cll)t dtssolvea 

incm:pletoly 1n the nitl'!Q~ o.oicl1 and t.NJ leee thoftt 1o of 1t1 

tl!e/ •••• 
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the 110rc ~\:urate will be ttJ!l t1nal l"e&\llt. 

tt'h&n fU tratien 18 cot:!Jaete 1 Scott 1"0<;:0~& that a hole 

1='\'lllCMd 1n the botto~ or ~ til te~ aDd tho corf'tr wao~d thr-ough 

1Jl~ ~ nak w.l th e fiDO jett tro a wwh bottle. !he 4~acmut 

of tbiD pl'<>ee~ iG that it :!e Japceeib~ to renove cocpl•~ 

o.ll tho OQf .po:', Gnd portie-J:Il.arly tbe cuprto sulphide. "'d• P"C& ~u:re 

t, or ooltne, - use4 1!' the cct :Wl" iD f'inallt to be tir.ated 

oletlt1'ol)'ti~ly, b\1t it t.lt.l& iodol!etrio athod a to be used, it 

1e Pft~Nhl• to ~f'er til'& til'tbr paper, toget' er w!th tbe 

tall1c OQFJ:')r1 direetlr ~to tbtt tl.Ntt. b proeenoo or ~ 

paJ:OZ' in AO way itl"o -~ the tit:r t1on. 

~· 
To 'Uls boal!er coctainf.ng the eo~cbl tJoluUon ~ aMid 

a c t rip ot DltU'IiniUffl e!Wot bunt in tho tOl'tl of a triqle 111 tb the 

CQl"l'Mtl"B bent u, at tl e ends . li-- of a J 9ulphurio acid wel'e addcod 

and the bonl'or oov.Nd w•~ a •s cdyrap' • 'h solution 

~ ccnuy !"or ~rt l:li~, Md Nnalt, ra.1~ to bo1linlf. !he 

ec>lut!oll was allowed to oonti bo~l!n .... n\171 tbe vol be.UC 

~ pt ~tent b7 aM; t'oe or di1tHled ter1 unt!t the ~ 

.~pitated COPl'lfJt' baCOZ\ to f':1_ off the alucl.nf nl t leavina 1t 

unt.rniabld. all the co~_. h d tinall7 flaked oft, tbfl 

Loatfria sto 1 and tJlo cover Ltld sid of t.r. bt~r traabcd 

<lonr. Sth d1etillad TJI.ltor. ~ !11 . ~tl.l.'tatod ~JJro ll ulptd.-

tor 

tbo/ ... 
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Tho eolut1on we.s tt-Gn decanted tilroact. filter ~d the OOl)J)el' 

f!no.lly rinled into the ru ter wt tt e. Jet or r¢ropn sulphide water. 

It, 1D vital. at ~is ott• thc.t the filter new~ oo allO'I~d to drai.n 

comptotely and that t.he coppol" 1n the baamr ne\f1tr bec~a expoeed 

to the &17 • The COpp4)r t1U8 lroSbed s bt tbr.l in this way. tndl• tm 

final h:lng wo.o drnin:tnc~ 5 rl. ~tl'ated n1trl.o acid were adclod 

t.o ths ber..ker contauling the alumbdum foU and tho whole heated to 

eQOc. (!hie is to d!Gool"fft any COppin' that ff'&'1 bo rellaining itl tJlo 

bMker or occl uded by the aJ.W".lnie) . As $OOD as the til ter had 

drained, _it was ~owd ~ Ule f'tuuiel and placed :fn a ~ 01. 

eon.ical. flaok. Tbe nltrl~ ~ieid in tlte betd<er contain!llg tb& 

aluduiWil "~ a~ ~ pour.d J.nto this naek and wt\Shed in nll . '£1'1...$ 

flsek vu wanMd ~r a omall n until tlll. tho copper had 

diHolwd. 5 r.sl. . 6 ti H2'04 wer. added and tbe solutioa eve.poratod 

till white ft1'fl prodw:ed. Dilute ~nfa ~ Q.dded dropd.se 

until 't'A'w solution wa& ar-on1acal. After boili!iB orr the excosa 

~ia• 0 It ae Ue ttcid 1fas added drop;rite trom a burette until 

tbo aolution was neutre.t, and tl'ten a further 2 m. the solution 

was cooled &rid tho copper cati~ ted 1odOJDetri~al.lJ with o.os R 

sodium thi«tulphato. 

Tbe FOCOdUTe tollOHd to-r tt-e electrolytjo oe~imtioft wae 

QS t'ollorma~ Att.el' the con;er had been f1ltof"t"d oft 1 a hol• WG 

pUnehed 1n the bc~tom or the pa!tJX" and tile coppe~ wqslled thrcush 

w1th a f!M jet or water into b'Ja).er bolov. the f".Per WfiS -washed 

a ntl!'!!bar/ •••• 
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& tu.tti>er ot ti · lfitb A fS• j.t of tort o.nd tinallJ tho n1tlt1C 

oo14 trQtt tho bta'kctr contai~ tbo &lum.rdW!t ot.t poured 

tl:~J&h. !he baaleJ' ~tc.ining tbe al\tdrda - ml81 ~ oat, w!tb 

-.w rat '\i • thO belnu ~ owr tiW fil \a" Pf.~· 

h oo. r 1!1 tho l»ol:lrr 41holw4 b: ~· 

She Ditrtc 4Cl4,. noutl'altood •tt.h 1 ~ em! • ~ 

ot S nt .. OCJirMntlaW oulpb\w!c ao1d 1IQd l1f.J. . ~ t.Niied il!Wk 

ao!d adW. 1hG copJ*' ... pl.atc4 cato plat!m.m • 1.00~ for 

f8 ~a.' F. volts. 

The ~ul obtatnP.d b1 tllfs tho4 v. scoc1, btiDI ot 

• oNe:- tl~:a» olttlim-4, tor ~1 , wlth tbe iodate Ntbod. 

Xt ~.. tronc1f t"OQc: ndod tict U it 11 , todotrotne t1Vn.tl~ 

bo ilOJU4 ff.lf' U f' a1. a terr-:il. t~ on ot tho ~Pf'«l""• h ot 

lect.rol)'t1c prooe<i'o.ft aurrere trw. two ~ n .... 

( tJ It nooeeatat? to Nl a 'blat.)). 

( U) c;uprlc eulph1do G6be wry ton#<iiotJtl7 to the t11 .. 

!t fa 1~ 1bt. to 11 all ot it tl'~ 1Ato tbc 

--~. 
!be &dwr.to.pe ot thSe ~uro s11:!1lc\"' to thol:t• of tbt 

~t!oo o!· QOJJiJ)¥' b¥ " of aodt thlo.1\\l,phEtw1 vt.. tt te 

~ f\0. tJbon Urso nu:i~l" of Nt.! r.cti t.1ns rf'oft'04. 

T'i ultt., ~~ ato llot Gl &ccmnta tl.oeo obki~ \IJ~ 

tle tr.1~ n•.Jlll1't''"~· It. a. r, rather ~ eoiWOn1 t 

&:)4 it la ~ . 84 if wry h1ch &23t'" ot 4W'iUJia.c)' b not 

ftlqU.1l."Cd. 
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I 

tho. tt;OJ o!" r .. ~ tit~"':l''n (tro) !tJ c t!Odifi~attor. ot "tM 

t tUl1 dt·~·~w"ifll~1 rottiOO ~o"' o'ltir.YJ.M.l2 nt t"ll ~ ie u~ 

1n\~ tor 11 ·· tx'Kil~ ot n!c l~t ~>D r.J-. ~~ 1o p: ... !pit ~W 

tt!tb c.l. r"tttb)'lcJ.~! 1u t!)f) U">UM tio.y, tt;a 1 oipl~ tc ttlfAftd 

O:tr .... d n ,.lVt!(\ in ouJ.pbtJri!O.I o.;,J.d; M 1~ "'.a·~ >)\il.fl ~ ttt.J14 

ti tfti be u ltb tuttl•a-d l,lO al tlr" t,arost ~ 

a l~ ~oho1 1c ol•ltl® o4't tll••~ hzr ~'~l)'QXi.1:0 OOt.1M m tcj!. ~~-

~la =frtt Dl \7 tt:ltll tie ao. d (t~:o. i>Q{r~ 

---"'-' and tb:ln lJ. ol r tr~ m!Q8U8 

~/.lt~to. ftc olutJ.c:l di£ tod m1 o. t- t 

l~i. u 1 ~ 3'4 :t1 , nt1 .... u ~n terod t 

filtB. tt-. .ft.Oip! to '· !t;ht. tl . itb o..ol4 

tlt r ro t . .....,rerrod to ~ t~ or 

~wn~ ooe of o.us R o~ ... i.ll.'1.<# co!d; QI'J.(\ t!-4 

~lpi~·to a~tleO ~ 111 ~~s • fhJ \1bc1.o diluted w 1!00 rn1., 
Atl4 :- _. tr • 'O!Jc:.tb .;ool -tc"'. tm !' 1 a -uf!a t1 t.l'n to.4 

blok u!t.h 0.1 H 'br. ~!.~ldc. 

!h a y ~ it'l -,'.y nuitt\blo tor " ._.ey a ·U !lwntt!Uott of 

~t~;)lel ,. F~ (lu:al~ t-1 :.1 rontt:W U"' :bout. () ... 05 e• nt(;kel thD 

wr'!r.c· '(; ~ •JlC)';I ar l ~n: :o tOO ) lfy oot ~ ot 

!pi t.:lte 1-t 1:J s~ ~ or:wtbl tc tr<r. rcr it to ~. 

leo • 
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Ewn ~emU amounts tl;e -"Dulte are pool", Wid tb& witor 

fin<8 M go\W!o f(# roco rx'1~1 this p1ocedute • I'Ol' emU anlUDta 

ot ni~kfl, tottot- l'«)ulta w1l.l l:le o~ by a ~ll!ltri.O 

a:ttendx~~ton uoing ex: • f'ux'ildieai or oe -\Je:)ail.~1ct1 if 

mrdlable 1 or 010n •fll!C71~ 01" d1t~tteylgl.1QX1 • 

!be ~ul OLl'O QbWno4 in a semo of d&~t!cmo U9 

at10tm 1n 'lablo 50 • 
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Te.b1e 31/ ••• 
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28 iZ• 
Jl lllikt 'II•I•t•J•Ifti f -

• 1714 woo • 

• D! ~ S~Joa.a.bltxwft . tOal 4/114. 

s. ~· ·~p-o t• l/14. 
S f\~7." n!tra c.P. {~ &n4 loU). n/104. 

et• todl&t tP.foo ~pt• (S.tt.) 1/?d. 

4. OdbO • •· • (BaD ,) 4/54. 

t,• ~~~ Ochw~, 4/Utt. 
S~ ~\1~t6 ' .A. (B.().B.) 1/Sd. 

(SOO 6•) 

lOU ,~ nt!c I *" 1 J r •' .... "' u tt~ r , • r , r t tt 'f ltllf Rl!slt:llillt" a I U l 

• l'ht 'Grode' ~uax •m•.,. AC\\W. f$~~to UGe4 m tbe ~ 

or tMt '*"• 
1M 'Coat• ~11 . . gl~ ·u. pt-1 

t.liO 13.1>.11~ ~~. 1~. 
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il'-9'iJJfil 
hon tbo atnttotl~ a~ ot tbo M ~'\te ~ iD tt. 

pl'8\t101» lt ts C'Yldan~ tt~L\t th) ~Qtll ~~ ~ 

~t1~ted fa.ll cl.l 13" ~to \bWlQ ~ltaaooo . 

tor b N:St~ fOI' tt dot.orr1n.lt1.Qil ot ~. tbla::le fiNt-

1. IJbt ~trio ~. tb!e oTAn<b oat ~ lUll~ 

;&, b !!Oit · ~- Ciftd tftojoo m~ c.l~!1.:.'b\() fOl' 

tbe t~ ot «t~· 

• 
2 . t'h to ~· 1'h &) C1'0QP . ~l.tdo$ tbcco rethodl 

a. 

whloh ~ . :oo ~ ~\lltf;) !# co~ eatt: ~ 

Mm~~~ t.~ obtni,. bJ 1bt tea~ retbacl. 

~t>OJ!I~r.e anc1 aa1S.¢cldca:i¥~t 1 tl14 ~ z.w- :tioh of 

co wttb thltJhl.Jt$Ute eM ito -~ 1.8&t 

~"-~tt.c. 

~ut tbl Sur'O r.lAUoo to thoeo 1ft c;rot1P 2 l•tw.~ 

do to t1 !odototno pl'OCO~. It ~lt¥bt tho f:l'!.o...S.. 

•trlo t t1cm ltb ~, U.. wl~o Jo(bto it.od• atd 

tl10 ~~ ~tAa tl ~ ft\o.o~1tt.w olor.ent. 

1. tho •~~UNW Sl'OUP• !!d# inel .. ~ ~trio 

t!~~ati •Ub aal1qlt.ldoxlm ClDd d1 ~· 

II 
~., ... 
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~. t:t.. loet.J o~t. ~· ~ .10 1n'"ludu (lQ tioNJ 

ld'tltl ~ ~ bt the qan!flft ~t.llod. 

~. ~ 1'0~• tl:O Foltr end ts.ndgw•m . tbo4 

t"t.l.lAI in ttt. ~· 

1hio dlfll'ltork ttl ~ or \&tf~ ~ euo woYld ~clt1 ~ all tbo 

a~ ~ fall !ato tJ'b ~ G <:~to~- 2be c:ttl)' 

copUM to tJ .1s Is tJ-.& 11 tUe aal~lAt@xS.. 

~oico c-.t tt:-. J.TOOidt• to be ~ ill ~ Qll.ol~.d.~~ ot 

c ~o 'OJ'"-01 iJIIl ~ iU fe.!rlf eitq>lo by the lnot ~t tllt 

~ ;un p -. 6lso ~ tltat ~ ~\ te 

or o._, 1'1 ~~obl ~ill ~ ohoice lies , q~W 

ttntwll't b ~~·s opht!oft boWMn tbo toll~. 

(l) ~ tcrMltlatlott of 'tb) ~· lo Oft() o.ttquot by 

~ ~tri. t! t.bt so~ttoo ot tbt 

n!<: 1 t.n oe. .. to cl1ql.'¥)t 1th c!lt»th)d£~, 

QtUV ooai ~\ll.JiM'- w bolA 'h ~Oill• tA 

Xli)lutJal. 

( tt) n. SJ&'f'lt»trj.~ -~~ or botfl dtb 

eali oy.lot • 

For n t a:i.J>11 \(\1.* nuew cf unel,._, Autb()r ~ tt8 

o ~ o.t t1 ~t of , ttfn«t 1 ~ soluU@ required 

OlJ th$ ~trle t1tn'lt~ 1~ blon !ftpGte4 end s~Jae41 

a. eor~/ ••• 



F~ e srcn ·~ of ~ tl» tl~ to~~ ~o ~ of 

eolt.Ql.:t.dQxUe• 

P'or ~ •un.·~tcoo ot QOt~~c tJ't..t~ ~ts.. 'lith 

oo4tutl ~~to M ~s::!MJl\. n.. ~alta ot:Mbl$4 bJ' ~ 

~ ure ~11oat, oad ~i~ a~tte\ a~t'\1) Md Bf4'CO 

~ u.YQ!.\tlble 1 ~ w~ 1~ n~ tJt oe~t.t'*l ~ bt •tn:JcW4 

ot=at.....,ouc.ly. Ia "utS. 6:tt<J~tlots t>t r.Jck)l, tba ~wll 

tl<'No1•8 ~ ~ to ~~~11 ~~ u4 o.tro!'Cb 

c.~t to 6t'l~•t!Ob ot n!~hr>l ~ l!tQlt ~1'7 SdD tt.At !4 lS.S.IV 

t.c be ~~•· ,.$ ~~uee or tw:.t.b tk~· ~'~ u 'fl.b&t not 

cely &> ~ •t~ a el.ocan ·~tum ~ o~ 1013e1 l:ut bJ a..lao 

tnt:~.blo tJlC root OOC!4'"Q.tA\ ~WMO (f..O t tho !o(!l~ rotbod, a.n4 

till t~ ot dt~thyl~ttt or $al.~~~S.) to a. aM io c~•ta 

~ do~t!Oft. 

ft• ~·u r~s.~.- ~ta.tlty t& ~ oo.UqltJ..do.d.m, 

wht~ ho euwsidoJ.e o. ~nt wl"!OIO .. r~ hill ..._. undll'Oa'U•~ 

~ ·~ h ~~ ~~ ~CQUU\tc. IC4 ·~ 
.tbr3!la o~w ha$ ~ rot!lOW4 (oet W • ~ 6 - '15 ) • aJJ4 i c-.a!41m 

it, ta'k!n4 lll.l t~to-~ lnw A;;~mt, b 110at \II!SOM. ~ dieo\liJfJOd 

!n tbeuio pt.lfJtJC t<lt" \tQth c:oww ~ rdob)l.• FO# nl~'Jel, • oo~Uor& 

~~~s a~ h:.lt tbe tim ot $\ $lr.U.lt.tr doto~1ee. wttb 41=~1-

~~ ~ tbo :OO.lil.tG u.wt atatut1~¥ o.~t tdent!al:*• F!'i1J 

oopJW1 a ~timt1ou 'IJitb aa1107l.I.Wo:d 11 1Gflnittl7 t:Ol'O ~ 

wnteot tbon ono td~ tbloo~to, t11t1 ~ ~ in ac(:UftiOJ Ul.at1 

N~lbttf.\y 1Jt Gmll.t 

* !!» ca17 QCQeeioa m• ~ Q)t) t4 dUae:tbJ~t.N te lrofflftbt• !a 
m. ~1\ t€t ~ ~ortt. 
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(Jf the other methods, the iodate n:ethod should be avoided. 

It is extrenely tedious and not particularly accurate, without 

offering any compensating advantages. 

Tb cyanametrio estimation of nickel should not be used except 

\'!here it is requir.ed to analyse a. large number of samples without 

any great accuraey. 

Parr and Lindg:t'en 's method is an extrensly poor method, and 

should on no account b9 used. 

Oxine gives moderately good results for both copper and nickel~ 

but it precipitates with so many ions, that its use is very restricrtec 

It is always prefe~able to choose an alternative procedure rather 

than to remove the interfering ions. With other auperior methods 

available there is no reason for using it even for determinations 

in puxe solutions. 

Lack of tine has unfortunately prevented the study of nany 

interesting reagents. For example, l::en~otriazole, anthranilic 

acid and quinaldinic acid, to judge from ·the accounts given of them 

in the literature, are extremely valuable and accurate reagents for 

detex-mining coppe:t. The seotion on nickel should desirably incl ude 

an account of, at least ()( -ftU"ildiox:l.~ and K .. benzildioxitre. 

When it is x-ealised that the work here included bas necessitated the 

performance of about moo estimations {an average o£ about 4 a day), 

of which about 700 &"'e included in thG preceeding pages, the reason 

for their omission will perha:r:s be appreciated. A study ofseveral 

points which have 'been only superficially dealt with in these pages, 

and/ ••• 
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m1d work a:Long similar l:l.ne$ on a numbor ot let~ser-known reagents 

would seem to offer a p.t'ofitahto field for- futu:-e :tnwotige.1t1on$. 

SIJl£~/ ••••• 
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(1) Ttte use of Dolicylel.doxime os a ~agent for the determination of 

cop~r and nickel has l»en investigated. this has been shO'lm to be 

an excellent reagent for the determination of. both. Tb8' pH conditions 

hav., been oto.ndardised. llt!thods have boon developed to olimina.te th$ 

interfe~ncc of zinc, lead and iron. 

( 2) A m!thod ot oepat'at:ltlg n1cml from eo bal. t, o.nd a number or other 

ions • has been s hown to glve t'Dtoellent rosults. 

(5) A ~paration of copfAr • ith &odium thian.tl.pha.te bas boen studied 

and slightly modif1$d eo that the filtrate may be ueed to detet'm~ 

nickel .. 

( 4) Bio:knl bas been determined with d1.JD$tbyl~U. . It ~ been 

:;bown that oobal t dO()S not intet'fere, but tb.~t, contrary to sta.tGll'J$nt8 

in tho literature, copper effectively interf'erea at all ecmcentrations . 

A procedure using sodiwn hydrosulphite has basn used $uechsMly to 

eliminate tho intel'ferenee of coppe%", 

(5) !ho Iodometrio proo~dure for the eeti r.a tion of eop~r 11\ tbD 

mdified form used h8te has been ehoun to give resUl te ot groat 

•eout"aoy. 

( ;) Potasait~t~ thioeyona:te has been shown to be the best preoipita.nt 

f'or copper, but its use involves several disadvrlntagos. 

(?)/ •••• 



·165 .. 

(7) The prooedw-e for s&parating copper by means of a tn0%1) electro­

positive elemant bile been developed and found to givo good results it' 

the deto.il.e specified are 4are1\illy adhered to ., 

(S) the use of oxine in both COP!-~1" and nickel detertnina.ti<ms bas 

been inwstigated and shown to give re~onabl$ reeulta tor both. 

(9) !lro volWI'II:}tric ~oced~ tor ¢¢p~r and nickG11 vie. the 1odaw 

method and the cyanide method 1 haw been studiect and shown to of!eto 

oore disadvantages than ad'Va.n~. 

(10) ThEt fm)thod of Parr end Lindgren for niekel h4s been studied 

and fQUnd to ba 't'ltt7 pool' trom al l pointe of view. 
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