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:$()!wni: 'sTtm;tES dtlr . tr~ _ tttEmt.AR1 aYS~.l~!tt : 

· QOl?l?Ett Jrr$1.tlA?JE- ·~ · ·.A~tOlttTJM _. FQEMATE 4 

~otu;o · AotJ:n 

. ~ll.~f -wQ-$1\'e~~ - -~"-·ll·~~iJ.ect · -~~:· \i~ien ·*a~n~a 

9Ut wi'tb th$· tn.t~1l~~J.>.1i -' «~~ ··e~~tl-43.ns ·th$· aat~ oJ1 ·· · 

thEI .'1o1ubil.$~t ·~~ ~ $84tr··~t t)ie.'t1P~ dti.X• ~n ·a 
-~olven1t Itq, an~ th~ E!tte~1f u~p~ · ~l\1.$. ~<;>ltibll.itr .·. 

' . . . • ; '.' : ~ ~ . 

·Cit meainuretl ·qtt;~1f~~J~Q · ·qt , ~lie: salt N'H•x::.; w~~s-.: . - . - -· -- ' ~ 

ty.pe r.>t ~Y'~te~ ·~n aee1;~~:_ $;(l~cl ·has 9.lt'ea&yb(ien 

-~tudie<t by q.~swoia1 >~n- t:tt~fi 1aborat:~~1,· ··. -~ ~t was 
' • ·. ·' ··, 

tQund tllat i>~· a.aattitin or amnto?U.um aqe,tat.(3,. a v.erY 
·mal:'.t(ed. 1no:vease· ~h ·th:~ ~olttbU1ty ·9:r Qoppe' ·a(le.tatE). 

~n a~e1!~ ·~oi(t '1$ o1:rta~nf)t\ ., .(tbviotti?11'• this . ~ ' 
( 

· anal()g.e;us tr> tbe we:t~ k:ne>wn. behavio.~ ·()#' t)ppp~r 

hydro%id.e ~n water wb.en ·fll1ltno;u.mn br<U101tide ts. · added 

to th~ system!. tn ·•a:Qh .,a~e1 · 111 ·.taot:.1·1ff1e · prob1~Ii1 

.m1.gh~· 'be tortnul.a~ea·· .. ~rf 't.~rnuf".t>t't1ie:"~tteot· :ot 
ammonia,, .~<I j upon. the · ~o11l'.l>$.l~t1 t>f.' t:h.e ~opper 

. . "). ·. ; ; .i" .. ·. . . .. '.. . ' ' ! .. • 

i : I_ -· • --• · .)' .. .,~ .. . .. . · i.~ , ' .; :i ." · 
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~QmpQul1d 1 · ~~~ett the d~U<:>l.v,ed ·all1mon1u.w.· acetate xn.isht 
be, ~ege.~.e~l el!aPJ...y ' i:ls .a. $ C>lut M>n > 0 t ammonia. in 
aqet1t:· ac.~dJ~ ' The ~(lt, . 'bhta,t. ~~~ a·ilnila:t'i tit" ape$ 

C)().pttr· ~n 'the twc) srete- b~~nga <u.p :~t;~t) qU es.t ~Qll S.S 

to whe~h~~ v~l$ beh,av~o~f ~$ gen~~al.t ' tmd. lf so, to . 

wlla.t ~xtent •- · ;l,:t 'J;1.eelll.e(( ·a'~f$1rtft>l.ei thera·toreJi w 
$"tlld3'°· $he· fl,~1,0g<..lU.~ · .. aye~~lli ··1.n. . ano't;her 'iiolvent·t · FQr 

t1Us pu.~t>$Ef .t~~~f11c .j.c:l. ·was' '. cl10aeii'~r !t 1s a 
. ~on$inf)rabl1 13.trpng~~ ·Et.a i<t ·thaJJ. aot\tj.¢ a~14 • 1 t can 

be qut te r~aQ.#.l.r prepare<:t 11:1 th~ pure .et~te, end 1t 
~s . e. ,,.e:Pr~sentat.1bl1· r>t ~he simplt=!. tn.>e <ft sol.vent• 
HX, tn wllieh WE! a:tttl _ {Js;pt$~1£tl1y 1ntereatect.~ 

Th~ ~oltt'b~aity . :ot popper fo~te in pute 

to;ni:to ac;ei li.Wl- be~l'l. :r-e:Po rt:ea by Kenda11 · and Adler2 

i;Q be less tha:p. 01~0 m<!>l,e %, a.t 1400 .• · No other 

woX-k has b~en <lone tt.P91l tll1• t:irst€illl• :t:n. the 

presEJnt :researQh ~ eo*ubtl:t ty ®.rve to1! copper 

to.X!QS.te in to+mic a.g~4 ha.$ bee%! obtained• anei the 

etfE:JC.t upon th~s ~ ~ub:ll.1. tr Q-f' the aQ.dition ot 
. definite a.m>unts . of annnol1iUll1 tormate has 'been 
4ete~inea ~ · tn ·ad<! it ~on, tlle ettect o:t using 

2 .' .. ·•·. . . . ·· .. .. ·· .•.· . : . .. " .. . ... · 
B:enda:J.1 all(l .Acller, :f•' Am.~ Chem• Soq ,. !A1 ~4'10 {1921) , 



potassi.unt to#t1ate was .t>bseried at one 'col1¢entration r . . . . . . .. · ·. .. . . . ... . ,· . · . . · ... · . . . 
' ' 

'l'he to~t.g ·· e.Q;<l ··vlae pte]1l.;J!ed by· treatment 
<>t 90 % Ci :&••• ~o~(ti 'w~;tn · ·t$#e.+y powCi~:tr~d J)Qr,.c 
anhydri~e- (B~Ocr)'• ·· ~t · viae tqunq: tb.at "bf the · 
p~s.e11t1$ ~t ·· a sl1.Slit: ex()ea~ .. e>t b61'~<t · anll.Y~ri(le <>Ver 

' . 

that wb:l~h ·haa .. 1:>ee1l -~ai.cq1,.4~ed · t.o · ·~an.qve · thfl>. wat.~r 

p:resent, e.pp:rC>xima.te+t ' a w~·~lf was· ;tequ:t1e4 to:r 
. .. . 

max~mum ~trto1e:n~r iA ilehyti~tlon• 1 • - ~~i percentage 
of wate~ ~n. th~ o~is~nfil/aQia · h.ad' been ~~ev:tousl.y · 
determined by Qomp(lri,ngl~~ tref}zi,p.g point with· 

data g~ven b· t Fauo9b:~4 ··· ·'l,'h~r aoicfwat? then 
distilled. and-asa.in tret;ted with ~ - sroa.11 qµantity 

of boi-10 anhydride• Attar this tt4xture had stood 
for three or fOU1.' (lay~ the solut 1on wa~ s~pa.rated 

from the b9r~o .. acid a~ tt:nused e.~;iae in thf! 

bottom of the ·.tlask•, attd wa~ distil.l~Cl undei,s · 
teduoe<1 p:reasttt&• Th~ ~$u1tin.g ao~d. froze at from 

. . . . . ·, . . 

3S()bl~f)ingEll" ant Jla;rftill • :t.. Allh Chem• Soo J §!( iim 
41.t"auoon, .Ami.t o-him~ :Ph1$• (a) 12, 'lo (1910) 



a,3o to .. a.a0a •· anti tre>m tnt;l ·data o·( fauc9n1. · ·t111s 
represents ~0·1a. toot le. ;~r.Q!l 9~~·~ ~ to lOO % pure, 

The ·a.rnmon,.um .. tna.~e vta$ ·prepared bt a. 
method s ~lar •to tb.a.t deac+'i.b$d. bi 1\.dlel;'. Dl'f 
a.mmonia.was passE1d. ll).tol.OO ?$·aQ~aunttl.. cCfn'.lplete 
aolid1tioat ion h~ t.8.ke~ :Plao~'."·· WhE> resu:t t#.ns 
aubstancf) was · de£;iccated t>vet ·~tf ~ lil'Uito.rie ae:td. a.net 
the t :tna.1· product gave; a me:tt~ng ' p()in.t• ot l.l..'70 ~· 

.11a0 whi~h ·agrees ·witu th.a~ ~epoJited by Adl.G:1 _. 

ll.7 .• 50, 

ln the 'p;'epa.~a.t!on·· ·01: pqr(i .. ooppe: ~o Im.ate 
more a1t:r:tou1t1es were ·en.oQU.nt.al,"~ti th~n with any ot 
the oth£tr oom.poti.n(ls 'fd1:ton:·1t 'fJ(is .naoeasa~y·to · 
prepare., Baei<>•··c,op:Pt\iF. ~E.1.~bon.a;~t3· .wa.s· 'treat(Ju·w$th 

"''": 

a 50 % solut:t.Qn·ot f()~~ a()id~: 'J.1he'teault~s 

.r;tolution ·was heated···~<>: ·t:veet. ·~.i;f ·tr@lt· 0$.rbt>n/dioxtde 
and wa.a then .cooladi '.·whi:Jn a;'h1tl~'e;. of '()Oppef "· ·. 
to~te, u.ndoubteu~•'-<JU.(OPOR)i,~~l!saO· $epa.~a.t~d. 

out• This· was ctel:ltdrat~4···~:n,;al1. '()ten at ··aoC> to:J1 ··· 
fifteen hours• . Ane.l:V~.es· to1J:' ;(topper· ·~nte•~ on 
the resulting· produ.ot :indi.o.a:t~a· tlla.t' the b:r1gl1t 

blue compound was the neutre.l·sa!l.t ·a.nd .. the.t ~t was 
ot outf1oient pttrit:r to be uaetl 1n thf:J dete~nationEi •. 



~tel! att~ts•; hQWtrV(t.?1 to· prepa,_,e the: n.eut·ra~ 
·$alt b·r th~f" ~~< methot.l 'were ~uns®(lesefttl•;> 'mhe 

attam.ptf;I 'io Q.ebyd.;-a:te ' 't;h~ · ,9ey~ta.ls that aeparat.ed 

f~om t;l1e . $e>l.utiot1 u.pe>#. ~ :<)o~tng ~esu:tted · 1n th$ 

derkt)11+ns ottr t.h~ salt •. · tht>Ush W'lalyeea e.t this 
s.t~ge :tncl'toate(t that.· <l~hytl~at~on wrui not .co.mpl.ete. 
Tl1e · E;ub~tatio(f - wht)n et®.t~.ne4 ·· ···· 1l'nd.Etr · the ·mcrose0pa ·· ··· 

~ttowect. bl,.at>i.z < mass.eS, · ·· .~(?ns tn.e b~!i.glttf ·:piue · · ctcys.talat· 

11he(:._e-· blac~ ·ma.$sea · ···•· . · ~tiQl1eHi$.. l.l.'ls i1f ·nu.mber· e.~1 ·the 

4enta~ti<:>*' :.m:t_s . ·aQP.t.~n#e..,ti·, ··The · qqtriposltion: ot 
this bl.a.<>R: ~tts~aXl.o~ .is >~017 · knovm~ 

At~e~ ·:rott . .r ':!in·~u¢f(l~a·atu.l , a..ttem,pter ·.·to 
a.up11 e(lta th.a·· o:rigill.a:t "ma·~hoa .• ···it·· ·· ·· vms :.aeo:tdt1<f to 
a:bte~t ~ t9 . J)~ing ·a. b0'11:t : ;~~pa.:rat~:on .of tlla · anb.y(iroua · 
i:Jalt at an el~va.tacl· 'f;empa~atttre and , t11u.s eliminat~ 

~.he µest.~otl'it$· dehr«~a"t1.t>tJ. pro¢~s$ ,~·;· \tO$Ba ' $ta.t~a. 

that t .he - all11.Yd~~$< sal.t . ~eparated trom ·a slowly 
. - . -- · . . . - , : .. - . ,. . 1'.. ·- . , '. , . _. . · 

E)Vapbl'atlug a~$d $0lUt:ibXr ·or·· the salt .in water at 
vao , ... 550q .*• .wh:tle .a d.ihyarate .s.epa;r:atea out 

, b~tween soo ·and· eooo•, 'I'h(f :ro1:tow:tnS :·~thod v1a.s 

_., therefoi'e ~loyt?Cli. : The· _:qrsrstalr;(aapa±4t1ng from 
' . ·- - - . :•. . . . - ;._ - ' -. .' --:-_. , . ·,.. • . . . , . . , . , • , -- -• -- .·. -'·:. -·. ; ._. . : . . . . ... · ,_ , • . : ' ~ ·-: ·.- ,'- : I .- ~ ,- .:·. . -._ -' :_ :~ :: : .• ~ 



-- ·-a.oi... ·-·U 

a solution kept ·at .aqoq ., w¢,:e.: qtt~()kly ~parate4 t ·rql1l 

_ the mothe~ liquo:v.. p~est;ed · ~etw~en pol:'9t1~ ''tiles atld 

then plaQed :in "a ' il.#;i.ng ,.~(;lv~n at &bou1f . 75°Q~: Atte:t-
,_ 

a.wing f<>, ten ·Q:tt tw~lve - · 11.qur~- the· lfeau1tins 'bl.'ight 

b1ti~ oompott.ncl -waJ;l:·'ana).yze<J $l4 ·p~ved.to · be -·pure 
. . ' 

f.1-oppe~ · :eorxnate · •;- · --- ~:ef ~: a-~Eia,ol.v~a · • · ·•t9 gtvfj ·a. -<>J.aa:c -b)ne 

solution. -:bt. ·· g9.:l4 · -~;e~ $.d. · ··appea~ed ··uliifp~ unae~ 

'fih~ · l11~0~~*9~Q. ;t~~ a ~ th~1;'®~~t ·•·.#Ji th$· · r1t$11 · ·. 
method o;f ' prtilp<?.i'at~O-~ .- _ha(l 'd<.>1le.t .·· .NO, SJ:planation 1-s 

·· ava11ao1~ - - . ,~o~ tn.a ···· f~ot: 't;·li~t -- - - ~n~ ·on$ '· ·ca.a~·- the 
cl~hy\i;t"air ;l.O~ Qt · . c~{OQQgi~ ·•W·Q ~f!)Qe~!l~d . ~O:i:'llla:l.:t.~ 

' - ; - - - ·-~~ . ' - . . . 

w~ile in al~ ;Q.tll.~:tt · ®.sE)·$ lt ·was E1~~-~:Panied bt a 
· ohe~cal · cha.us~ ot - tt~ow~ ne.tu.r~, -

Wh~ p~tas$ t;;llJ. j?o~ate · was · prepb.:rea µy · 
tteating the ·O.•P•·, ~~~:tbon~t:, . w~th 90 : % ·aQ~ti a~ 

. . ' . ·. ' 

h~atlng ·to expf?:l ·-···tbFJ··o.a.*bOl1 'dioxk1e• The ·~oiut!on 
we.a ~vapo~atf)ct . in tlie -ppen' tQ~ ·-a ·t1me-~d t~$n. 

placed -~~-- t:l <l1'y:l.~g q-rea .at iso0o,. to~ sev~ral aa.~-~ 

At the ·(;)nd ot· -t~t;J. period the ·melting point t.nd~ca.ted 

· that. the _ potassium i'ot:mate was not yet ·thoroughly 

de~~rated•' . consequei,itly,. it wa_s· h~te~ 'at.. --$, . 

temperature. of , about, 2Qt.l above ~he· lt1E!lt1:ng ·potnt 

ot the :Pttre salt toi abcnt an nour~ Art.er this 



t:reatment; 1~·•wtia· P.e~.~o~o.tea. .. ovel.'··se % sttl.tu~io a.eta 
tor aeirera.1:·aa1.~• · Wn.e i:iW1 ·p~odu.e,t me1~btl at :i.eeoo. 

. .. ·:.-_:;._' • - -__ ,·. • • ---.. ,·, _ ...... _ • • .. 

' .ft lQ j, wh:Lcb edtti:Pal-e~ . fav6tatily ;.)'t~tli the . '1'a!LuJi' 

Th_e F:ce.ezt_ .. ·us···· •.P.•·. a.int•· 1lfethottt~ 
. -_ . . . . . . • . ' ' ' - ' _d 'l - ' . _: ~ ._. '· ' . ' 

' : ' ' 

'111i(l sQlub:tl.:tt~ aate~:tna.t,,ontl, ·ware ·inacle ~n 

frea~ing point· ttiliea· 'W!lfJih'··we:ra··•a;bout·. one. ±nob. in 
0~ ' 

a1a:nieter ancl'six :fai.6hes··; 10nS" and wltt.eh were fitted 

with the=rni>maters·~ sti~re:rs tr! suoh a manner 
that m.o:tstu.rer:···was .. ~;~·iµa~~-•·· ···. P.!l. •·amount· ot. ·aoltlte 
whioh ll.a<t ·p:reviol.fsly• be~11 · asterminea to be 

approximately·· c<:>l'ree·t to~ the amO'tlnt· ot· solvent 
:p res~nt, was int :iN:>~U.e9d ·int¢· the tube i' . '!'he 'tttbe 
was then pl.ac(3a in· a Water t1ath· heated bjf a. J..ow 
flame and ' the"'mixture~s oonstant.lt'agitatetl by-

mea.n1;1 of the e.t~X-1'€>l1 tin1;$.l ¢ompl.ete solut :torf had 

taken ple.ae ~·· ~1e ·tu be \tas ~hen go¢1~d 1. n. a. 
suitable freez:i.ns .bgtli uiltj.1 a finely · aiv1aad. t;tol.td 
:phase had aweat'e·d., t.· Fo~ these batlul a variet:t. ot 
coo1~ns asenva were' 1l$~d·; <1 ependµ,.g· on t lie 
:rleq Uirements i sal.~ a •ild ~cu).·· mixtu:res , · · 11quid · 

a1lttnQnia, and solid carbQ11 d~ptid.d.e :tn gas oli.ne ~ 



The t~eezing po.~ii.t-tu1la· was nolf-piac~a-··1n·· anothe;-
wate:r batli -ahti 'l;lie- teia,P.e~ti\1-if, ot this- ,va,s sl.crwlf -
ra.1see 1-··tl:l.e-miX'tt1rfl. lileal'J.wl1iie-'be~ns-oonstantly $ti~red, 
unti.l: the ititru :ri».e· <>n-$11a1$· \ltt1S.:P.Pea3'ec1 • ---Tb.~s 

ta1n_pera.tu.~e-- was- ·-tate*1;>_a~' th~i tn~1tins··--·point ot tm. 
$t>l.'1Cl phas~-~ -- -Il.l p¢>3,il.t$ a~te~_fl.eu · in -. thi.s lllatmer 

VJ$J:te -OhEtOked ·of l:6~p~at~ng tlie. ·p~ged\.l.ra• 
Whe set oft therm.omete)~a,---u$ea ·--- •#1 ·the 

ex:per!ln~tai · ·vi-Qoectlil1e e·on$~J?tect ot th?ee p ~ois l~n. 

thermometer~ ·at· the toil~in$ ~nses: ;..120 t<> e20, 
~eo to aoao..--- ®<l- ~a.Qo -t~ >seor.l·-•-~d- ·on.e -ora i!W.;'1 
therrnomete.r•· 9f ___ tlle ~~i oa,-tt>-"loot> ~--.-- · _tt'hes~- -
t~ermom1t.rt.e;*~ 11a.d · -beeil. p~~v:lou~f1:f· «iQiipa~·a. at -$ ~~ 

(legtee ~l1tervalt:t V4th £t ~e11 of -· oe:ti:tied. th~~mtrters 
~alibratted bi the-- Ettrea.u· (>if S'f;t;lnda~.$ • : and . -\v-ere alsQ 
oorreo-ted terr em<;l~g~n·b. $.te.m ~:t ---t"he. S9 poinie, The 

preciaJou of t.he tll.ernv:>me:tars· in all . ot .Of the 
d.etel'minat ;tons ?e.S. eon$1{lerably · sreater than the 
a.oouraoy o~ the melti11g points t dtttf in Sll1ie eases to 

the taot that the $0llt1 plla$e·''e>btained consisted. onir 
ot a ta 1nt clou.d~ness • · wltt1e· -~if' o'11h~r oases ·_the deep 
'blue oo:to:ra.t ion · o~ the t.lol:Ut ion$ p;tevented ·.accurate 
obaerve.tions·• However, the ~~t~n~ ·points. are 
believed to be ,_.e1iab1~ to.;. O·'~l>q• 



Xnt~e tlete~nat~Ona on the effect of 
s.mmonttu11··to•t• 'on··· $he' so1u:b111ty··or··o6J;lper. 
i'orroate a#erel.' rta~l.V'E111tit·'* we~e 1'l1Ad~ np by 
d.~ss 01v:tns ~a:eiou~ · itnc>wn ·amounts ··. oi" allt!noni~ 

tprma:t;Q 1n· toa1ll'i.i~· a.·61(1~. ~ha ~t>lttb1:t1tY ot copper· 
tormate in· the$f3 · ·prepar9a···nsoJ:tehts'• ··wa.s then 
de·berm1:neil .b,-. $~<:rtli: the same PX4ooedure as tor 
~he. iso:t.utr:Uity :t:P. tormie aeid t 

:tn :moat 'it!Stances the eol:tcr phases tc>r 
which. eq\lil:tbrittm· temperatures· ·wer.a·aete:rminett 
eQu.ia ·be obtalneer ·in sttf'.fl<d.en.t qn.an.t.1t1 s0: that 
anal .. ;r.ses were ·possible·.,.. The e.rsrstala we:tte 
tilte:re.d off~ driecl between porous t11es, · al34 
p1aqed in a small.. we1$hing bottle•· These 

oper~tio11~ were·pref·ormed ·a.a. qu.ickl1 .es possible 
to elinti.nG).$$ any. loss ot formic acid ·of aol.vatlo:n, 
Qr absorption ·ot ·mcf:tstu~e.,. bet ore· w&.ighins,• 

since none o:e·t11a·s<>l.:ta·:Phaaea gave a 
qualitative t.esttor ·•atnfu.on.1a, t:na· poaa:i.blt> 

o cmpouna.a we:re li11li ted. tQ tJ.nhyd~ous o ®De~ 



' i'o~te a.rid'' i1fs ·$c1va"tes': ··!f!o a.ea1ae ·tvbioh et 
· these wa$ p~esen~ ' in· · ~, 'j.~a.~ttel!lar eaqe'• . it was 

only nec$1;1$art -tit5 Xda.k~ eF .. qtiantltatt\fe; det~rmi:nat1011 
t;Jt et)lJI>(7).J:i.· · 'l'h.$se aet~l?th.~nat~o:na· ~reJ cnr:t'ied out 

by the a~$(f~~).1t~tt tM~tnbd~!: 

:tn· two' ot'·tne stst~~ whtch' wore stud1Ei<l 

1~ was 1:m!Jos$1bl.e ttf :¢eyt.1tri1J.fz$ ·out a St!ftieient 
qu~titr ~f' · 'i;lle soltd .. ";P.na$e ·re>i• an:e.iy-a:ts ·.~ 

lloweve.rs. th~ ·· . · .q pni:P¢$:$ti611. tir ···. the .· soi':tcl phfisets $n. 
these· . i:n~rta:noeh ·1$ '· 1:i~:t1,~ev~a· 'tp .. ·be · a0Qui1ate.J3' · 
lQlovm * bq't;h , t:ro·m i,;h.tf 'appea.ranoe ·of · ·~M b:eystalline 

QOlllpOUnqe ea~ oompe_rea \vf;Cl1 those i .ii Other s~stell!$ 
that we.l'? ail.aly~~·a1 · and . 1:4ao· :rro1tt their behavior 

. . . ' ' 

:111 tht? soltrti.on, s :tnoe. a> ' cllril1ge :tn . the solid 

phase p:r~sen-P woi1:t(l btt n¢q01npanied. by a <11st in¢t 
0110.nga ~n. etirt:iotionct the sol~tibii:t·by :taotlteltril• 



_ . · ·T11e · ~e~~J,:t(f "Qbt~ '.µi~erJn '· "ti11a ·' e~eir~n~ 

i>l;'Qe(;!«luJ.\~ c~ · i~~V~~ µ£; ~ii~ ' tP;t4Q\i.l!.g '. tab1es an.a 
.-,.. ..· :. ·.·_. .. __ ,,_,.·, , 

are also ···.p;liesfJntf.:)ct' ' a,~pp;~·~9f:t~r ··· .1n · "th¢J' -a.ooO)llpanyittg 
. -· ,·,; .· ' ;·; .. . \ 

B.! -. · ;~,s- · - . _ - -··+.: · · < ··.,.. -·10· ·r.c· n)· · .;.;,_· H-·a·.· -c)·- ~·-rj. ·· · .-.. ..t.!'l.S.r,;. _ i[SuerLvU.; .. v u 6 2. ---··· . un .. 

a_ot:tµ: ·:.·;p11a.s~ .· .••·-··Cu(QJJ,cn)2·· ( .?·) 
;-- .. · - -'. ·- •- ; . :- .. -, .'"-· .- . , . ' -. ~ . , -I ·:. ... , . ,.. ,. : . . ·. . . . ,._ - ._. . - . - , -~ - - . 
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. ·'!'e:t'tla.r;y syatem ontooottl~ ·:-.. · ~~j:oocn - nooctL _ 
At Mple ··~ ·Qf mt•GOo1* · "l~·"s61,v$trt.·:·• 10 

a·'· Metal;ltebl$/ ~~··:~ifa ·'.:_pha~~-· ·. --. . 
cu.(ooaal~ % 0.055 - c, -~tJ$G ·o -~·-97a (h.oe3 010976 

T 53'•6 · ee .~5. . "39. 41 44., 

. b 0~' -·. $ta:Qlff ... ~.Q1,j.a_·.- • :p~$Ef· Qu._( .0.00H)e-

·et\(fl-0QH}~ % - .o··+Q76 {)!:,;0-$3 · e.•OSl'fa· · 

:, 

13-• Mole ~~ of mi~POO!I in·: ao1vent ·t;; · - ~9 ~.73 · 
. so:U.ii · pha~e 'JJti( 0.0C~Jl)~: . , '· ( ? ) 

Ou.(lJOOlt)S3 % 0•319 , t'l~399 : O :•~S5 

60 



c 1' Mole % of . Nn~OOOl-I in, Solvent 29 •. '7$ 

. so11a. ;Phase , -au. ( ooORle ~- · 2E:oooH 
Ou(OOOli) a· $b l.\i~l& li•~BG l'.~36'.5 

': ' ., ... 

l.l·• J49lt) % crt liR•f.l001t 1.n fiC41fEJ.l'lt ·~· 33 •54 

$9l.~~. ·pllfl.S~- OU( OOOH)1s 2BOOOR 

outot)o:a)• · ~ l~l'tfl ·· :v:+·aea · 1•·ao:i. :t.•·eeo l.195() 2,004 
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lh :MQl.~ % Qf· ira.~00011 1n sol.v~ht' -·~·-. 45~75 · 
So:tifl•'p}laa~ ·.ctu 'JOOOH)~···. 2 lIOQCB 

ou(QC)ol!Ja cf,. ~·~~o .. .... ·tr•:47o ·2,a1e a.131· 

:Th·~ ooppe~· gQni(e+s-'tEJ' d<?termin~d by.; 

anal.Yses of .. tb.e ·•so:ti.t1···.··11~s~s· isolated in th~ 
are ... ...... ·· 

va:riot\$ a~rstems/comp~:r.;~.d, __ ~ri',the .. tolie>wL ns table 
• : ·~ \. '< ., ·'. ·" \ 

With thaoretioal.: ve:t.ti.e'1 tof. the eompour.u;Is wbich they 
are thought to. :r~~ea~JJ.~··· 

Stt~tQnl 
1 

0 
D 

E 

·compound Copp~r, c~~tent in % 
EAJ:l.eritnent.e~J.. Tli®~ettcal 

Ou(000lI)$ .. .41.;,1 .. %.. 41•59 % 

qU.(OOOB)~,2nOoo¥' 28l 
OU ( ()QOH) ~ ·~·2HOQQH 28.t\ 

Ott(OOQH)a ~2HOOCH 2'1':.a' 

as.a9 
2Q•S9 
25•89 



~n: 't~~- abovrEi · 11a.l.>~t · 1'lttqlt ~V~$· 1;he· analyees 
ot tJ~l~<f: pb.a$ee1. .,,t. Vd.i~ ~~ 11.oit<l~d tlla.t · "t;·h~ eopper 
<>9nte1tt :o~'· t~ ' oo~(ltl~· · :r~s~tllnea<t to'be Otr( QQOOB)a •· 

-~· ROQOB~: · l1ta$ touna· tnef;lqh q.:a.f3e·'ttl .be· somewhat 

abo,v& tb.e ... tli.~Hirett~al • pe~C>-~nta$.e .: ot ·copper tc;>r a 
ooro.po~nd · ·t>t · th9.1i. t~rtaulai ··~,:· · ·· ·. 'l'hi$ ··lrlf11·· be ·· eX1Jlatned by 

th$ faQ~ that, th.e '°~va~$ 1$ not ex~eed,-irigly L9;table 

and ·Vfh~n ee:~os~d t.o~ . ~t.-:1,l,.~f.:~].®~:P~~e · loaes tonhio ' 
aoid 1 . tu+a ·ehange ·· b~~ng··"f1~¢~pa.n1$'cl by a: 9hatige in 

oolo;t trQ:tll :the pa.~ ~- ' bl.l.t~'- .C>t th~ ~C>lvate to the 
br:tgh~ «~ep · blue «>t the *nsolvatea salt•. It 1$ 

thete1'1>'t' XJ~bali:t~ tli.a'ti ~, il~ftl\t ~owit i>t ;to~~ 
aq~d )Uigb:t h~"tE) 'tl~e:n ). t~1r ~n the mani:ptt'lat :tons 

t;Juc:toeed!ns 'th~ dryinel pJ!,()O.~$$ a.n<l tha'fj. tor this 
feason the. p$:roe.ntage. 'Qt QQpp~~ l~ hiahe?t th*t1 
it should b~ ~ 

, tn -~~e <tata t();r· , "(in~ ~111,~· ~~tem 1t will 
be notieE!~ that ~9ppe» t9~'te ~s ·quit~ insoltible 
in to~(): a<s.'4·.- !t'h1'f) ~~~9ntf.!1 insolub~11tr maltef:l · 
.;t t very d~t:t~gu1t to s~~u~~e ~e:.t~able r~ee~1ns 

points, fiJ.-.t1t l)aoatt~e 9t th.a neces~:t.tt pt weighing 



lld.nu.ta quan:btt~e~ ot "~ha ~f1!J,:t ~n matting up the 

sa.nu>l.(1)$ and · .1~e i:t14ly1, 'because • e>t · the· a.~:rf iolllt,y 
ill. ·f)bse:mr:tng •lb.a ·~xa(Jt ~o1ut'-61i tem.Pera.tu):e to# 
the ve'JIY th'-tt'aU,~pen·fi~()ti of the· s~l.td· phase, wn.ich 
(Aa)l obv~ou,,~ *1<lt $8p!tra.t~ out 'tn vel7 .· large 

qUf!nt.ity tr<>m :~U.¢b. a d~J..utt"t .$()~;ut1on~~ · necau:;se o:t 
tb.1$ ta()t ial$o i · ··~. t tae .. ~mpbs$1'ble> to analyze 
the sf\l.lt4 pb~t:te~;· Kow~ve~, t»Pll1 ·~ts appee.ranoe :tt 
is bei:tevea tt>. · p~ . 'th~ ttnt1o:tvat~tt ~Qpper. to itmave • 

mn". (l.ata ~:r;· the.·te;n~r:r···wstem indioa.te 
a .dec:ictel~ ~llO)l~aa.~··:*%1·. se>lubilttt ¢>.t'·-~opper formate 
w:tth inoreat:1~ng qon~f>f!~;at it:>n oi' amt1tcsn1llitl to~te 
~n foX'm.io a()ld. ~<"J1u.tion·• .l:n the te~ar, q$tem. 
it had been ~ ::<rJE1ot~~ tha.1! at· a h~Sh oo,ncentrat ion 
of ammoniuJtt·tt>~t~H• a ·te~lia.l'Y"<)~e>und,: 
ou.(QOOitlsa Jl 11 ~.,QOoH··· ~< · J%_·. woOHr: would·· appear as 
the ac>l.ict pha.$e, ana·· that· 'ns A3olub.1J..ity would 
then a ecl:'eas~ tx-Qm the ma:d.n:ttun l.'taache« · ·at .tatt. 
in termerl:tEt.tQ (J®cE1ntratitui ot a.mm.onltun fp~te ~ 
suoh a compound and $.ueh b$11Q.v1ot> he.v~b$an 
observed by G~!swo).<t ~n · tht;J a()et1tt a<siCJ.

1 
syt1tem,, · 

Roweve:i in the cas~ ot to~io acid no such 



QQmpp11n{! ~~14.· be i£J¢>1,«t~d ··an.a the ~c:>).ub~lity. of 
ooppel1 f().~a't;$ · ;tfs.oilf~as~cl :w~t11t ~no~eas tns OQnoentra.t ion 

· f:!f· . a.mll1¢>n~ttni tt>J:filate, : th.~•ugb.otttr the ··enti~e · · ranse in 

wb:ic11· th~•· $ys~em· · f>oil~cf' 11e· ~.onvt.lni~n$lt·•· ~.tud*f)eJ.•( 
sinoe· ~ha···soat.t·t~oJllS beoom.EJ' a.~ep4.i" col<>J:ed as the 
tµnount ot qoppe# ;ll.qr~as~s, ·whtc:b is proba.bl.1 aue 
to sOJll.e tl.'~~· atmnon:t.a pi-f:J~.ent 'by dlseoo±ation ot 
mnmonitun t~r.ttlat~·,. ·.~t \Va~ gQtts1~~rea ·tnat l.'esult s 

'at, tm.tob h:tgh~J!: QQJioe)l:b~atit>tis of ammo~urn to:i-ma:\;e 
·' 

ltl!sht bt ·· ~atlu~~ ~tt.a.o~u.~tt b~~a.use Qf the 
-;t 

41-tti.el1lt1· (l!· · ~bs~*'·atiPt>."·ot the solu.ttotJ. 
temperature '-· lnCl.~ect· ·· a eel.tit$~». ()t>nta~ntns 50 
mo1$ pe11 e~ri.t·,; Qf ammpn:i:um to'1JllatE) ·· was pl?$pare4 •• 
bu~ atte.mpt$ · t~secu~~ $f\*blstaotoiy· meititls po"nts 
tail.ea tot thte lftaas.;>n. 

s·#.no~··t11~· ~1u'b$l.:tt1 ·¢>t · ()G)pper ·tor.mate in 
the var~ous ••·::JolveD.111.1 vai-~e:a · pve:rt ·au.oh· a· wide range 
it ~·~· t)·onven4ent t·o E;l101r 'the relations betwe~n 
1'hE:Js.e e:plubil$t,1es llr·•~· ot two· aepa~ate g;vaphs·.~ 

l?isure. 3. ~be• ~b~ equ1l.ib~;u:m ~Ulrle ·ter <u:w!Je» 
:torma~e 1n put~ 'tc;>Jm>.~c ··a.~1a.· · ·Ei.n.datse>· il1..the·sf$tem 
where thf) rnole fa ()~ El11lnion~UJll· tormate J.n· the sQlvent 

~s 10 (A) ·• :FigUre 2 ohOw~ the eq~11!.b:r!tun on.:rves 
toit the ternaX't system$ A.1: B1. o, n •. and. ]S,. 











~nFi~~e· ~~t .\'f.Al .b~ not~oed that .in 
$~11~'- ~l 'P'\f() fl: C?ltibl~t~1 • ~U.l.Ves · ax-~ given,. the one 

' ' - - -:.: , . . -_- ... . - . ·, ., _., 

oun-~ ~»~~'exit.~#$ . . a li16t~~tab1fi ~ Qlid · phase wllQae 

¢onwra.~:t~~·o.n ·· 1.~· .tJ'f!ltttow#•: 'ln'th1$ srs~em;• 1t the 
.:;r · · ··. -·.; . - ··.: .. · ;. - , - -- .<·· . .. _ ,_· : ." ' !·· _ - · · -. -·. .f ·.· .r ·-: 

melt ins•. ~91ll.t· · Vitt$., '4$~$~ne& by·· ~a.i~:tna: the 

t.~mt>e:re:t~t'~ «~#e~~l.t ~~~< th.at,·'of 'the t-:r:eez~ns 
bath,, . 1;he ~talJtfi)J.,. phase ' W()U.ld ~1te a · def 1n1 te 

xn~1til1s l"·o1n~tf ; 'ba1; ·'·o~·~a$1()nall.:v · fif~er · this point 

was .1'~aohad ·au<l ci;;he :f,J(;):!iltion had · Cl~al:ed~: it· would 

suaaanl.f bt)omnai·· oiouat aga~ · inaJ~atins that the 

s~a.ble pba$Ef ha.cl. ' «lom~ .ot:rt ··. ot $.olution~· This phase 

dis.solved. e.~ ·a. con$1d.~+ta.b1y ld.ghel.' te:mpera:bt\l:e ... r 

~t the $ ol~tlg·n tr·Qrti· Whi~lf 'l.·rteta1$ hacl been 

. fn).~n· put.·,_- wa.$. a.U~a. · ·t ,q 'G:tancl ;· ~~-· f:JO!tle ·timf)· 
~: •( " : ' --_- -:. . . . ,. . : - . _-- ·- . . - ; :· 

l>etr;~e taking 'ttl:l~.· 'Jl1$l.t.ins ;t>o,int• onl.1 the higher 
. . · -- :· .- . .: . . 

Qf the two ~oin~~ ~tm.l.<l b~ ' obta,Piec1•, :tndieat ins that 

a transition t,o' ~~ ·tb.~~e ,· ,ertf:lbl~ phhs~ hacl C>t)ett rred .~ 

fli~ ·mo~: · · s:tab.1.t: «rt the ·· ~ha.see: was ana.l;rzed.. 
~- .. _, :,, '. \. ' .. .' ·~·. 

and 1s ev1ae.~t1r :tba, '1ns911ff!t'te4 ·aapper ··:ro•te ... ···. · 
~he · ·o.th.er 111ottitiea1r1t>n·.· qt:SUlCl no~·· · oo· ilecurec1 ·.J.n 

. ' . . : . : . ' . - -' ,. . . ·. ' - -· - - - . . : . . .. : .:: _- -. - - - ' . , ' : . - ~ ·_ - - : . • . • - - ' . ' . : ~ 

suttio:t~nt ·q_µ~nttw · ~ol: s.nslt~~~i ·but it is 
l)oss1b:Le tha~ it · :ts stinp11"a '1~rterent ¢rysta111ne 

torm of the ·se.me Qoxn.p<ll.Ul4l 



ln the t·e#.iltW~ '. · ,§y~t,em o ®tain111s the next 
. lf.l@Q~ ~ono·$n,~~t~O.n ' ot · .. amhlQfi$tini tQxmat.~ · · ~n the 

''eQi\tent~•.;~·Jul»· · '11t~ ' : eC>J.1,q' ';pliasf) Vias .not. se¢ur~d in 

' .la:ts~ :en~U.gl:\; qu~}.i~; 1.~Y' t()Jf ana:Wei~· ·· . 'However, a 

. qqmpap~r:1® ··Qt· ' ~~11~ · ~~).Q~· ; .()~ •.. t-n.$· ·s9i14 · phase. · 

· ~epa~t .. ~ns QU.~·· · ·~ni: ~~1i aelut it>ii wltb. t lie · anhydl.'ous 

· :~opp~l! t-9~t~ ·fwXi<l· '·ttJ/ ··sr$tem; it• t\lid with the 

disolvate ·"~·· ~he ·~ppp$lf $,al.if tottnl1. · ·1n. · so:i.ut1ons 

:qo~t.a11:J4:ng· '·ht~li$ftf '.~. qn~fi:O.·t:r~tt.ons' : · · ¢:e · · -· ~nmoriiul'.ll . · 

:to~t~ .•.. 3.~~ '~ill ~.M ··~~$:1.~*'-0tJ, that 'till!¥ $ ol.14 
. - ~ . . i 

· phe.s~: :··in · ! '~1~ · ·i,b.e ~-p;tm!u~~ . 'Q·om:P~nn.d.' :•··<· More ·. · ·· 
· ev:td.ence · ·in ·' ta.volt' ·~:e . -~11~$'~: gecis~c:>n · 1s · e.va.ilable 

. ~t we ... Q®$:tdeit 'tlie ·· 1~()tli~ .:s.li(Jvring ; the Qhange 

·!.n solttbild:ti' ot tj.()ppe.r :fq):tril8.te ··,11tli' tnoreas1ng 
· . · QOt1cent:r:atlon ·«:rt· amritt>n1t1ltt' to~at(;l, in 1ihe $ Olvent 

. · at. 5QQf ·tt?lJ.~s ·· is()~.he~ ~S - ~llustrated ~l'l. Figure 3.· 







-.21-

'11:'11& 'V'alU,.~$ ttlr i;he polu.bll~tr ot ·copper 

to•t~,, . e~p~~.$~~ · ~l'( m.oi~otilar per· (tent•· are 
plotte<J .~$ .o~tl~at.~'3 ·~gainst.1;hc:f moleouJ..ar per 
ce11t, ot ~®Ji{)l!~tt&J. · tt~a:t;,. ·tu ··the · solvent as 
ab~l~es"e~ .. ·.··Wllt• •t>lubil.ttt ve.~tJ.es · :ro·: oopper 
tormat~ tl1f 5o~o· . wr~- obtil1h~<l b~r extl'apolat~on 

t!lf the 1?xPf>X'1.m~nta.~ ~~ea of! ·:Figureti 1 and a. 
WhS:t'$ these ()ii.~$$ .(lid. J)t.11;·· all-ea(lf. ~l!Osa .the 

$()'? ~~$~ ..... $$~~~ ~~ ~;va~ •. ~e . ~egulal: . anli 
t1$Uall1 ext~:t>.4 tQ ·w~th~n· a· tew d$grees ot this 
El.Xis 1· tht$< ~xtrfl.poia.tio.11 was cont!id.erect 

~t.tleientJ.t Ei¢Ciurat~! F~gU.~e· 3 _indicates an 
abru:Pt oh$nge .tn · iJe>~ul>U.i-ti with ohanse in .13 olid 

;phase,, a$-· 'the p~r<)ent.age ot · antnon1um torma.te 
~nox-ea$~$~ At?· ,l.png· tul the so1Ltd phase ':ts 

Cu(OOoli)• the e()lubi.itt;r '-tt.o.:reases pra.otloall:v 
a~. · e. t1'b~i$ht · · ~U.ne · Pln<>t ~on wit b. J."teap eet to the 

peJ:.ttlt:t~~gE! Qf amnon~UJli to~te *> tut when the 
!JOli4. phe.ae (:hal1ge$· te> Qµ(()QOR)~ ~ 2 ll OOOlt the 

~ ol.ubi~it:V #.noref1f3~f.l . ve~y-· 1Jb.alr.Pl1~ · Whe ta.ot that 

the a.Qlt\'b U:tty ot · the E!Q~i4 Phase i~ :a does not 

ooinQi<S.e wt th· $he ~ql_ub1ti't1 ot the d~solva.t.e as 

1nd~cated. by 'the qurte, but does ot)~ncide with 



'th~ .s: c>~~bil.~tt at · tliEf uD$dl.vate4 ~e.1t 1 leads to 

· ~h.~ '3Q.no*#~~~~· ·t~.~··"~he ·~b1ia: phase. :ta· the latter. 

Airnn(ll'.l:ta t~.ti ··a, <ii>l>~r 1f91nlttl~ et:~ 
~t we@. m.ent~one4 ~arl1E>r in this discussion 

tha.iJ: the .. ~e~a~y · ·~qmpoui\~ oe>ntaining copper formats, 

anttnc>n~um to~~t~ ~<l ·to~f) a<>1C1 · oou1ct no~ be 
-±$O~ate4 #1.. -thl.@.· -~~$t¢m~: To · teet Jn()~ · the>r.ougbly-

whether t>I ·~o.·~'® gtn,mQtJlt\t~a co.pper ·:eormate · 
13.~lis~t;Jd.·1:~ tt. ·· \Va$ C\e9:;c:t~a: :t..o. attempt pass ~g · ary-

0Jlllllon$e.' ~v~r a;thya·~µ~ oppper ·:eorm.a.te :~ · A quant1t1 

ot 'O!>ll:E># tt>•te· :wa$ ·~·on·sequenti1" · p:taoea 1.n a ' 

11-tu.b' al'l.tti ~Qtlia. , $.SS. t'rqm liquid amnonia that 

~d _. b.et11;1 treatet.t W~tlt JJ.~talliq $Odiurl was passed 

over lt, p~~oau.tt<J!J.~. ))Q~Xl~ taken ~() that the 

mo1st-u'$ . t>.t t,hEf a.tm.osph.$~~· WS.$ a~ciud ad•: The 

U'_..tub€a wa~ ~mtn~rf}e~ : . -~n alJ; ~gf> bath in o~der to 
te.c11itlit~'. ·~b$Q~~i911:~; Attal' mnmonia. had passed 

through t<:Jr a. ~b.Q1t p~~t)Cl ot t~.t- the copper 

fo-~e bega;n -· to :p.)$~ - - ~:~s-· · det1If ·biu.e qolor: and· 

too" o~ a l.~$hii~3:*1 pu;pl.e ~luid.e•: · ln ~l11e port;ons 
·pt_ the _tube· 1;hE) ·a,b$. :Qljt~e>n ·-of ann,nonia was SQ ~eat 

th.at tl~ops qt a. so~utJQn ot tlle salt in · 11qu~Ci · 

anunonia oolle<Jted on the ~t!clea o.f th~ tu bet~ This 



'1iq\l:td :Ph$.~~. a~ ~pP~tirecf Vlh~n th~ · ·. tube . was allowed 
tQ attaill.. ,. ·x-~~1,U ·· t~t11>'erat11rei ~; · 'J!he tjhl.Uige in color 

was ·e.ooc>mpani.·~a,,··111 a. &~¢~~ea increase ·111 volume. 
ancr ~ll.etJ.~' ta.~.ts' ~u.gg:e.~ted. ~lla.t . pJ,:'obablt ·a c qmpound 

had.. tct~~* · ··'r~• .· ''~th th!.~ point a quantitative 
~~a1; · :'(l,.Q ~n· 'by us~n~ a w~:t. .ell-~<l- q;ue.ntit:r ot 

,., ·· -. 

()f)ppe~ t:o-'tQ/ ajl4 *t;l(Jo#<lina t.h$ ga:t~ in weight 
. . -, . ; . . ·. . . 

· a~ 13.lnDlonla. ·' wa.~ · jla~~~:4 ~v$~ tt~ ·lt watr found ·that 

~hEj a'b£Jqrj)tlb,n'· e()enw~ee:r· v~r! :apld.l.y at: ·r1rst but 

~tte~· ·~C>till\. · haa b~Qn.· ·.P~~~<l . ·ov~:r: · th~ $.Ubs.tance 

~or, .l;l$V~~~1 (la,, ~}lQ· · r1;t~ :hQd :de<l'l'eaa~cl ' ~nt~l it 
was r.teSlie;ibJ.~ .~ >T~s · i~ q~~arl.y shcrvm. by ·the· 

. • . 

faot th~t·4,a,~s the· :t1.~#t · · · te.l1 . hours··· a ··· samp1e · of 

'fl opp'~ .. t~•.1'$ ',' w~t$h,Jl.S. ~~;p.$6 sra.nl$ . ~b::;, ~rbe<t 
l •09'1 ~~ina ··e>t al!mt().nla.1 · wn~1~- tn 'the l.ast ten 
hours tt ~be ·· l1tl.n1 -~~ ·saitie<t-o~' ~011 sl:atn• . At 

~h~t:t p():tnt a ~titai bf ~;~~2$ sr.ams. , ,fflt Ettnmon:la had 

been ·absorbecl:( -fh~ t~n.a.~ pl;Joguo~,; -· therete>re · 
J1epr~E.1~nt~t a. (SOltiPC>tinet •' ·~•Q1ltai.n1n$. ·l ,, mole ot 
outoooR)•. to $.,94 mt>l,.e.~ oi: · .:Na•.~· en<\ tllif! ·1s 

bel$~e~ t~·' · b~ · ·su~f10,i(!Jt.it evidehQe; for a.as:Lgning 

to th~ qt>lnl1Qlll1tl• the tolmlttiEi Ou(O()Oli)Ji , . 4 mia • 



4~:, ~Ml IJt}i~t ,~1J. mat' be 'cit intere$t, to 

. ~~~~ . t~~ .thi!l~(A )ti;i~: tq ~B()jft!j !>Olrili!on t~lation 
fjti~ti'ng ~et~it~~r(1tlie · nuill.be,r or ~ :ln.C>ies ···o:e···salvent 
~a.ken u~ l>t. ··· ~· 1UQ:t.~· .·· ~t 9Q.PP~r · .t9~t~ · , tn ·.· ~ts 

·' 

va:t:itnt~ _,,@P.i~~tC>n$: •. ·.·.·.·.· ••~ii. W.a$ · . m~nt1o~~c1 :· ·ea.rl.ier that 

' ~t . tr>~:' itVi9 ' li$1'd~tes,f. ·:· · (hi(OQOR).a·>··· ~rHaO and 

1~$ ~o:tv~1$~ · o'tlta.inta<f(~fi - ·tlie ' form1¢ aoia system: 
. ' . 

~u(Oqos}_• ·:~· · e UQOQ:ti,.·. ~ct , the latter 1$ related to 
*he,: ~()Jttate<t et.>ni~~utl.a : whose: ~rel)~ration is 
4esot-1be.a abof~t autOc.>Qt!) a .~!': 4 mta ~ · 

Compa.l1ie9n ~.ei;.wQ~ri · ~oivsnt a.()tiQn <:>t po ta~s ium 
: toi*lDll t.e · •· an.a: 'wntnOniuta< f orll'Ja.te1_. · 

: _ - •• ' - " • ' • • •• , ' ' • • ' • - : ~. • - '- -.· - - • - - - ' •• '·. •J: • .'. • • ' ( .... ; . • • • • , _ - ' -_ • - • • • ~ • - ~ 

A.n · 'i~1;.~~$tlng ·: l'hf)ij¢>1ttenotJ,' ;Qt wlli ch no 
spf.>~'-al tn~ntj.on ~a~t· li~~liel:tto ' 'been. made is the 
a~$pE)n:ttls Qt OO~Q:V ~ff ~.lie ' '.~il1l...tt.tion.$ ¢'9nta.1n1ng 

OO.PP.~l' ~.d • a1I)lll~~~um, · -.~.<?~t~s 'Wlienthe: 1arm.perature 
, wa.$ ~'1 $~,a_,,, '~·t:'u·Atia):; 'l>:ul~· · \1t tiie eo:ppe:t- ion 

"Wbi()ll. wa~t .cft>s(f)J1(e~ , ~tJ. ~ll.~ 'Cl.P~<r s ol.trt;iion chaJ18e6. 
to the .~~@ · ol1a:rtf1Qte~~st.~,o lllttielr pu~le o t the 
·gt)ppe1f eJllll10.n.1a. io.~ iit wfl.te:rt• \'fh.e~ the '3.olution.. 
was heated. :tQ ·tr ~e~e~ature ·p~:" ab<>~t · 9oc> · ot ;.ooo. 
I'ntt~ed ~1'1 th$ ~~e "'c>n.~~n:trated solution$· o:t 
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' . • .. : · · , ... • ·_ ·_ . _ . ' 

et .lJ1tt$· ~V~ti at· '·c)',ina~y~· teJl>.tle:ttat.u;$£Ji The srune 
b~ha.,-19,, ·. wa_~· ·~ut·~ti~~a. ···· ·pr,QviQU.s:Ly ' ' to?t aoeti.Q . aoid 

t.i911lt~~6~M;~~· ~~~?K tutitl!.~~· Qt\id~ed in suoh 
.e~l.u·~~Qn~:· .···;. t>f .. ·.·· pf4fs~1~·:i: '.' · 

. .. -·_· . p . . . '.. .. ' • - ._ -.. .' .·.,:, . -~ -" 

~~*;:·:.·.· .1t · " tt~f · ~· @~q·$fl'~~ i t.he :wtit~if ·system, the . 
' : ' ' .' ' . • • ' ' ;'. ' - . ' ~ :: • : ·; : ' ,' ' • ' • • • • • . " 

so~ub'-1.$~~ - d~ ~o»i:fe~'fAY.a~~n.cte: · r~i · attr:t~tect to · 
. , ' - ' :-·: ,. -- ,·· , .· · , :' -;:·" 

the· f~t1UExt~q"ri·· · · cr.c ·' ·tlJ.e. :.~'.pPp~~· · altlriloD.1a· · ·ion· tna.d.e 

pps~~ t'bie· · ~r: : ·th~ .t,~11. :· ·~11a:t: ... $mm~n1um hydrOxide :ts . 
h1el4t· ,atas~it.te~"· .~~tP . ·.~n!,~ " a·tia ·· ·mter•· ~n · 

. . 

1$ ~"f)s~rve4 ·;f$v~it :~t "~<@]?$.ratut'es ' · ·.·~· () . to~f that otilr 

. a. ~ ·!ltsiit <t~·s .Qei~at~ozi·ot · thef amnonium $a.1t into 

mmnQnte.. al'la {t11e ~41c:r ·.:·c~if ·Q~Q.u~ ,- t.he ·· inoi-eaa e ln 
·sQ1ubi1·1tzr · !rtti§if ·.· ~~i·· lattntrtttf}d ·-ttf ·.soma ···other 

:tn.e>to:t<• lle()~l.~~ '~· ~;tte9t '!# a ~tr®g ba$e on 

an amphqte~f~f l13d;<;;~d*1· (Ul(f 'th$ eonsequent 
at:J1utton·.· .. ot .. ~h~ ~(lrqx~de ..•. ' ~t mar not be 

unraasone.1)1~ t ;Q. ~uppos~ : t}la~. iii , the sY-etem under 

, oons 1derat:t6n . amn.· ·oni.J.tm i'e>t•nis:te m£ty be, a 
.· . .. " .. ,.,. '. . '. ...... 



re1ati.Vt=Jl~f- ~t~1iir·thiaef{ ;enct I®-t '41sm J.ve 'the 
.c'Jt1'.PP({Ji·· · ;6. ·rma1lf) ····· 'bt '·.· '¥ittu~ ,· · :9~•··· · · · · s~fae · · · ·ampho.te~:to 

prf;)P,$.~tte~ ot,< ·tlw:t:::·~a.it~ ·· ;~n ·' ta&1L··o0.n.au·ot1v1tr . 
m~llµt-~~t:~.,i~ ·~ijlti'li~~na· f1t tllfFiii~h:t ·to•tas 

· · t~ · ··· tt>~llli.a· · · ;aQid,'.·: an.a ,· · o.t' ' ;.anfraonitim .to:cinate show that 

·~t>tt!:cllri · ·· i<)~~q' !if ''~ff:il. #(:i;i'e fl.iSniY' . dii!SOC:l.a ted 
thati ·· •P.t1ta$$!tifu) fo~~te>"ful.(i :. ~'.t1l.e ·· · tow.mates of ··•·tl1e ·.· 

P:~A~t ~ ~tt~ii~ !tlit~i16ns · ·bi e.eeltic, a.o1a 
·· - .· ' · , · ·-=. ·, ·. _· . : ,_. - ' .. _< ,'• ' ·: · ' · • ',,• ' ·, ' _· ' • '. 

ti·s~ns pota~~itilit· ~Q.~t~t~ e.na eimmon1wn a.9etate 'as · 
Qela$1r $~tcE!:t;k~$a~ ~li~;t~ · l)~~"e tt1'i*elif!ba a~ 
v~)f;, · . ·.··naar+~ ····t~ · ·· · · · .. $~4.e > , 

.®n.· · .9~~~· t~: · ~~e·.····'tifio~ush11 test · this. 

b1Poth~sl~- :1 · ·· ·•~.-... '. ·~~lit~~oh·. · · ot ··po~i$tk{:tum · tormat~ .in 
· to~Q· a<.Jid. - ~s. · ··pl:el)itred o.hclJ ... ~a $o1ten't. · ll(d;J.on · 

. Uvo:t;t ¢01,tPttl! ;fQ~~~ ·:riQteh · .t;; was toilhc'.I · tha'll at 
: ; . - _ - ; 

a t~~$ratur~ , · b~l.oW eo0: ··.·•e.•··· .solution ··.<t·ontain.tns· 

2i,., ~(>).~ ·ll~):I ··· ·9,~tii:~; ~t pataij~#illi i'P•t~tn 
~o*1ido act4·d'-&~J.i~ q·~~ ~+~ p$~ cent; of ··· 

· • ' ' ; I 

oopp~r ·,· to~1#~:i>', ' lr.~otci >tlff!J : · cu*e ··· at · · ·~.1gnre · 3•: it 
•, '·. ' . · .. _ . . ~ . . '>. . _·. ' 

og~. b~- est111iat.ea · tha.~ ·_ :·a11· '. this ~onc~ritratton ~t . 
ammolitum. ;t gmna:li~ · tli fOrful~ Et6~a ii <>D.~ w®la . 

.. ,:_.. . . -::· .> '-

e:tpect. th~t .. ttaQlvell,ttt.:., ~q ; lli~so11Te/0:•5'l- · :tn.ole 
! -~ -

-~. ·;:, .. , ~ .. - . - . ; ~ ·:.:.~: :< ·--;'-/ :··;· ' ' --•· .- .r .. . : ' 

7
.·· f ... ~.·· · n···· ·· .~ ... · .. •.ari .. ··,_ ..... ~. 2~ ............ ;~.•.l' ...•. ·. tiia .... r.~ _·. · ··?11_···.·.··· • .. D·a·· ·· .B;.·· V·.a.··.·· .. ~.;·:·i.·· ··· ·· .~-. ··. o·O· ·f·. e.'.··.···.·.·.·i··.· ..... ' ·:·~.'.~ ... r .... e~.··.··· ll h.·· . ~ .. ·.:a··. S· ·. t o·g .• ... )···~-···· .. i.· .. ·.

3
·r···1··.'ier work 'Dy s~£1eisi1:tige:J! and . pvh~s -.is BJ.so: SJ,ven~ 

t:lnr. Norris F ~• · Ha.l1 j.n p~1v~~- Q-~nioation w~ th 
pr,. Ail vi~~ < nav~a.~Qli · · < • • 



.. ·_· · ·· ·· ._, . :· :.- · .. · ' .. ,._· >:--i··"·:··'-"· ·"''''"' .. .•. , ........ :__.,· ... ,_ .... _., .•.. . ;,, .. _,._..,, __ ,. ,_.····,•/,·.···· .. ·,· :·--··--.- .. ,_ ... _,, .. '- ·cf···:,, ·· ... _ _. . ·· ._ .. ·· · '-- · - · · · · :pelf q~n:l t ()~- :~ol)per ~~:t'ltl8.te '.' at 6.-() ' •·: ' l'liis . ind ioates 
·th.at Qo···~1fait .. t\fi_;,._~likiI~r ,.~,~~<Jt; ... iii ;.'i.ilo·reaslns tl1e·---
$~1uhdttr· ~ a·:r ·~~e~l>~,,.- ··t()jtrAte'''in ~:to~6- ... e.<>14· t1i · 
oo1l~eilne4·:··,,··: ·;p()tti~~ ·~m--· -_- _·:.¢Qifu.t~·--·· ·e.n4-·_, .. -..• oniull1 .. ·to. StQ 

ate atrilt~u~# : ~f~lQr1,, . ,,.-. ····-

1:-hQ < ~u~e$ ·,bi 'F$8lii'e 2 indi¢a:te-· that .. as the 

Qon()~l1t~-v·:;i..Q.n · ; ot: · ···•oniuii ·' t()t'1ttata · - ~n · · tli:f •ttsolvent" 
i~cttea$e~·$ ···;i.011· ot\l.# ~-d~~-i:i · t11~· ''iolu11hity of~ · eopp$:r: 

. #c>:~t~f ·'be~dttt~. - - - .s:rJ~at~r '· bi.tit 'tna.·•·el.opas· -·ot the' 
: OU~t?S· ·$l.$0. :.b~d-~e:' · ie.tla ' 'EJ,b~pti ·' In ·other Wo1<td.s• 

' ' 

· -th.~ $o~u.1>!).:~t:v> 1n.c~~p.~·er{ -litQ~e ~apitilY with rise·· 
~11. temp(iratur(t .~'If thff l\1'$lie~ oon.eentrations 'ot' 
~on~1lln ···- ~9~at~~- ·_ , 'r·~1s ·:·'b~~'9"~ot • · i~ readil1 
e.()Qounte(l '''f()lf ··iir·wcf ::a~·e.u; : ~' :'tha:t· at. high tenperatures 
the ~eep · blu~~ll '·:pu~~is~ : dq~o~ 9t tb.S ' s:>l.uti·9ns 
iUd~qa;~eft, , tli~°tl ', ~oni~t1i~t1~f~ analS.g_Qu.~· ~Q ., the o Opp e~ 

~qtJ.itl. 1o~l- d1l{l~:i)~++:'f mat llav~ been present,, 
· ;tt M.s a~*6at1Y. be~~ ::;nent~onea· < that . a.t h:tsh 
· tJonoantrat ~n~ ,,.~ :anuno~~ · :rc.rmata tl1i$ deep 
eolOf Viat;l, ob$(7)~eCl,< evel\ ' l:l.~ · room tejqpQtature~H . By 
~nqrl:?a.eins thei ·Qone,ent.1tit.ioli ot ·ammonium. ·tormate •. 
then., .. we l1a.Ve' iti' · ~ee.:i.·:J.,ty · also lnereased t11e 

~onoenttat~oti. ·of ·a.mn:on1ai Naa:,, !XJ. · tb.e solution,, 
· s 1noe ~11siit dl$so¢~~1h~Olf ot t~e. · ae.l.t 111t9 ammon~a 



an.4 to~e ··ac.·~~ eif:tt!en:tit···oQQU.3.'a·.~-· · .. :tn :t11ese more 
o<>n~~ntratsl! ttiliut:tonS, .·~~·\ailllnonium, tormate:1 the 

$o1u'b~lftty · p·~ · t.tf.>.J;>p •eat• tC>~~t~ .. ·.· ~ellends · ~ t1B 1.n. the 
•, ,~ --' .... : '_ _: . - i '. . . '-_- -

ot11~r·· · sys'l;e••·· 'upo.~· vlie > ~i;~ne: ·· ba.st<) · :Prop GJ:'ti es 
of .a?nnloniu.m··to.ti4~te;·ax+t1 ·~~tll~ps ·Ell.so· upon. ·the 

-·~·olv$~ir ~J:=e$qtt·ot·amn;o~~a:-·· vitl.ijh ··1att~r· fa<ltor 
.;ts $t:tr;t~~ :onl.i·.e:tf. tiisl:+~~·J.~~;r:a.tu~·1n· more.; . 

· o.:11u·~t'··••·-~•lt.ttions·· ot ·e.nxn.o?t~lrlii.;formate•~ 
'.f!l.1$ aim1:ta#tt~f Qt> tb.e ~i'teot · .· o t pota.ss 1um 

and aram!)ftiwn ':Cp:pnta1re.·a·· · upon·.·tl:1E1· liio1ubl.li·ty ot 
copper fo;rr.iate :i.11 tormio a. 9$<\i brihsa up ·several 
1:P.~*lr~st~ns·······quest~on~i witli li'(iap~ctto basio 
t;Jt~engtlla an.a a:t\lj/hQtef~~J!.' ~t has ·ju.st been 
$l1own tha:t ·t11e · in.9re~se· ~:n · a Q+uu11.itzr by thEi 

ad.d.1.t ion 9t ·am:m.011iJll!l f Pl.~tate · cann.ot be due· to 

aey. $:CeGtb .· ·mctent·, ·at· :t.('Jw t~4b.Pe3.'atu:ttea·, ·~o the 
to~a.tio.ll ot··a.·· ¢6pper '~on~a 'o®lpleXi It . 

c.apper tormate···taay·'b$•.•g.op..$:iaa~eg·$~·-· an ·a.DP!loteriq 
~ttbeta.ne~, .•. a ··.·eonee;pt·•··iv:1~Wht()h v1e···.a:re·:n.ot. fa~l~ar 
~:tl. ·0·9nne¢t~.on.· .·wi:tu· eoppJSiJ.':! '~a1$si an·:~norease .:tl;J. 

. ~ \ 

1·ts @olub:tii ty· by ·a.aa.1-t;o1·r 9t···1fot.assiuni·ttir.tn.e.te; 
is. reat1,i1t ·aqe¢1111ecr·to~"i.:r''i.:Since 'atnt1onium· fol'lll.a.te 

bel1$.lvfe~ @.. e.11 QY) .. a3i1sou$;'.fut1tln-~lf we' ha:ve tu~thfi~ 
evi.denoe ·ft>r· be.11ev'-lisf"t11\1('":l.1r·te>t> is.strongly 
ba$i<t in 'the· tor,m:tc.i aolet. t:lY~~exn•Y 

!t has. otten l>ee:n suggested that it 1t 
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were no~ , to11 tlle facr1*. ·that· amtnoninl!l llidrQ:rlde is so 
highl.1 ,4~ijoe~a:teii :tn~9. am.ion.ta: ana water ·1n a 
wate~ so.:t.u'tto·n.·, .~t would. b.ttf a.· telat~velt ·atrons baae 

comparable tven to the · h9'aroxi·ael3 r>f tlie alkali 

l?J.etal.a·~: t.rhi.s th~o:zr·· ·mi.s1lt ·be' turthEtr ·supported by a 
brlt,~f Q•O:n$i.de'rl.\tlori Qf the···aubfirtttutetl amnonias._ 

i?ethyj~ a!tltie is e. .sti.1.1~tt1nQ~ t(!t:ry . inUcli 1.ike amnoni~ 

e~t:~P? tha~ w~tlt it$·' 11,..Shti' moleeul~ ~ight are 
a2:l(lq1.,a.'t~4·· a· 1owe~<t~pC>1r 1,ll'essu.·a~ ana•a hiaher 

nt')iJ..ing ;tH')~tl.t 'Vllatl a.mtJt(l~a_·~>. 'll$o,··. its. esoaping 

t~.neten~r ·•~Z'Qm'a··· water·13olution··1s l.f!Jss.· than that ot. 
ammon~a, as is ah6Wrl ~1 a ·ool1$tde:T:at1on·ot ao1ub111cy-

aata1 a.na th:ts w~ld seem tq ·:tna:tea.te ··tha:b mono--

m~thyl a:mmc;n1a hidro~ide has a lE)sser tEtndenoy tQ 

diasoQ:tate ~!l;fjo water anti methyl amine than. 
81lll'.l10ninm b.:r<l:eo:t4t!Ef into·. tvatel.1 · and annnon:ta~: For a 
given conoent~at1on ot axmnon:t.a .a:tttl met,eyl amine 
in watezc $()lnt~otui· ~ the latter wot1ld. therefore give 
a greater qoneent~at:ton ot h:Vttrozyl $6n· due to the 
g:r-ea:tet' ffrt!Qtint' o:r '· the, b,y~ro;xiC!e pre·sent · ena .ehotil.d. 

oe th~ stronge,r·bas.e.{·····1t·;ts :Wet:t· kllovm that meteyl 
e.moniiun. ey(lroxide: 't.s a·:,~9nsiderably ·;stronger base 
than a.mm.oniull! b.ydroxid.e, sine~ lt it1 a sut:t.1oiently 
strong ba.se to ctiss Qlve e.l.UJlli;nurn h:Vdrox!de'it As· 

we t;t1ll turther ~noree.s~ tl1$ mol~foular weight 
we sboulil Qont~nu~ t9 degrease the eseapins 



tenctenct bf tli':e·' a.lft1n~ ·:rron(the ao1utton '·aria · tll~~ebv 
. f.itran.gi;hen · th.<i lr.aslC' '<plrcip~rt~esi'' ·'tetra . methrl.. · 

'· .. - . '.--: _-,' . ; . ·, . - .- , . 

· ·(l!nmon.ium hydro'.x[d~ ltf a.:'.·yel.V st2'ong ·oo~~ and. . 
' behayes · l.ik&' potasid.tim hy~,..o·x!iie . in· "8-te-r solutions i/ 
. o·~~.ict:er1ns' · ·tliea.e· ta.eta tt '. seems ;probable · t~ 

suppose· t,hat · thf! e:'ttrem.e b~s~c strength ot tb(3se 
so:tittions ia · rn~<J at 1eas1t .··partly to an inor~as~d 
e·t>I).eentra:trioh ot ·the· sttlnstftuted !:Ullntt>nium hyd:;-ox1de 

itt ~Jle ~oltit ~on ~tl~ i)ll$S1.bt~ bYf \lft\ttt1tu,t:t.ng · 
sron!'S · vathar, · tlian ~ t11it:1.1'J:l3.' · to 'lth.ti t~hemieal . 

,_ __ . . , : · - , . . ,.,_ ·. '., _- · ·, 

. prop~le::r of· these subs.tlt'1t1ng sraups• :tn 
!\net:to and tomio a.e.~df!l1 · Vit.EWe ammon1·a is mncu1 
:mor!! firmly held than in .w~ter~ . even ·the 

. unsUbst!wted ammonium_ obmpo1ui(if% are ·strong 

bas.es• 
FrQ?n ·t11e·abovereaaonitt$ ·1t ·wou1a·be 

l~s:tce.1. to: $'1PI>()se · _thl~ aqueous. ammoni11ni · hydr.o~de 

wou·1e be a very · stron.~·ba:·s~ p:J!6vtd1ng a ·oon()en.trated . 

·solution ot ,_t ridght be <>b~eJned• Furthe~ li~ht· 

might be . thrown tt:pon thf¢ tl.ttestion by a ·study ot 
the behavior· ot · aqneou$ en;>l.tttions of anmioni\Utt 

... ,' . ·- ' -- . - : . . 

, hydroxi~e at very ·1ow tem.p~:ratures ·i· where ~ the 

aegree_ ·o:r dfssoo:tatie>n in.ts a.mmon.ie a.ncf wate~ iii 
·', «iaubtless lnt1¢h · Sl?lallf?r ~11Bl'l 11nc1e~ ora. ~a~r 
.. ~ond!tion.s ·•· 



l :~. '· ?!11~ · solu.b~l.!-11;l "or · n(}:Pi59~> :toime.t¢~ :bi .:Pure 
·:rorm:td ·aaia· ·1fo.'gfl1t;Jen ·a.·etel1tdned ' 'over · a. 
rtuise •- b ··r ·_· ·tempeJ?at\i~e§:'~' 

. . • . . 

~~~!. Solttl:>.1.l:1t1 < t\1~$if '.tQ '~ - (l.·J'JPJ~~ , ,fPJtin~t$ •-:'!,J+ ·.. ., .· -- _-- -,,_ ; . . - . . . _- - --·, .. · -_ ·__ . . ' . 

. • . . 

atmnQntmn. :tQi.'lnE•:t,. $~, t<>ir1ll$$ a.oi<l ha:ve been 
· obtat.ne(l .•. 

s, A. oom.pO.r!$ol}. ha.a: 'be~n·:: m.aae !· " ot · 'the · ~t:taet r£ 

,P.Ot &$$iU:m. f O~ti $' ttpOll< tfJf S.o1u bi.ii ty of 

ooppe:e .to,'.'11ata)t1-··- tor®.a·--- -··ao5~d -with. -that 
obs.e11Ved fo)f anttnQ.ft!tim · :romate~( 

. . 

<l omPQ\ln.\itr have 1:.ef:l~ ~~c>la'ted wbi ~h" ·have nc»tr · 
been p;revi(1U.$;lt ~e·JX)#t·,df · · ·qu(·ooQH:))a -· ·•·· 2ROOQ~ . · 
a~ (ht( O()OJ:t)• .'f.· ~ Jm~i~ , 

s ~· some ap ecu1atidhll .: h.av<;r ne#Jn·vu:t · r¢'l!wa~ ·-$.~i tt> 
t.he bas,i(?--§trength·.- of '· c1.mnon11im f p_rmate ·· ·. antl "th<:t 
am.photer:to IlS.tul'6=. of · ·¢0'pJ;~r. · f()rn1nte :t.n.-·the. 

toriuic ac'id sys.~~~-


