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INTROIUCTION

The early history of Cu(III) hes beem reviewed by Urtis (21),

It was noted thet in 1ELL Kruger prepared s eampound eontaining some
trivelent eopper by passsing shlorine inte sn alkaline sclution gon-
taining divalent eopper, Crum subsequently showed the oxlde prepared
by Krugsr had reughly the atomic ratie of 2Cus3), Kruss, Vistall,
Noser, Brsuner, and Picinnl employing other oxidising agents such as
potassium parchlorste and bromine in alkeline selutions, and potassimm
aitrate fusiens reported that a higher oxide of gopper eould be
prepared,

While working on a ssparation of tellurium by msans of persulfate
oxidation of tellurite to tellurats, Kwme (2) noted that a deep pwrple
solution resulted Af Sraces of ecpper were present, Brsuper (21)
suggested that the eolored sclution conteined copper (IIX), Kuzma
sttampted to substantiate Brauner's postulation, and isolated materials
for wbich he reported formulas such 28 Cug0y*Cu0+2Te0y 2K 0xf0 and
2u0y *Cu0+3Te0y *2K 030, In ons preparation all of the eopper was
reported to be trivalent, and the formula wss reported %0 be Lugly*
Te0y°2K40%13Hs0, This may be rewritten as K .CuJTe,0;9°13H,0 for
somparison with a formula reported by Malastests (7), and substantiated
by Lister (25), which is K CuFeg0,4°20M30, Kuzma suggested these
preducts wore salts ef a eamplex copper telluris sesid (2),



Muller and Spitzer (2L) oxidized alksline solutions of copper (ID),
and reported results in terme of di, tri, and tetrs-valemt copper
produced, i formuls CugOy, was assignsd to their eoppsr oxide,

Ortis (21) investigsted the role of the tellurate radical in the
formstion of copper (IXII), FHe reported the formula KJH-Cu{7H),*
nKgTe0, To((l) ¢ Where n excesds five, KHe noted that psricdats may ree

place tellurste where "n" exceeds one in the formula, fa suggested

ihe copper (III) wss present ss the hydroxide and stated "this compound
is peptized by tellurstes (or periodates) ylelding & eollodial solution
eontaining trivelent eopper in the form of cuprites, [Cu(2H),]", which
can form adsorption sompounds with tellurates.®

Urtis was unsble t0 find sgents other than tellurate and periodate
to "peptise suprites®, Potossium and sodium hydroxide solutions wsre
sstisfactory alkaline media, but ammonium hydroxide, lithium hydroxide
and tetrasthylammonium hydroxide gave unstable solutions of eopper (III),

RMnsty eight per cent of ths copper (II) wes oxidized to eopper
(IIX) with potessium persulfate, but only 83-L5 per cent conversion was
aschieved by snodic oxidation,

It 48 now knmown that tellurste ion und periodate fom form stable
complexes with oo par {III), Malaprade (19) hss isolated the crystalline
salt, Ka,CulgD,4°6Hy0, and Malatesta (7) isolated the corresponding
potassinm salt, KyCu(I0g)a°7HsO, Proof of the tripositive nature of
the copper found in this complex is given by the magnetic suscepti-
bility (1), st 18° In = =39,2°207° o,g.8,, & value charscteristis of
disasgnetis eompounds, Malstests noted that solid potsssium



di-periodsto cuprete (III) is dsrk brown and essily soluble in weter,
but that 4f the wuter is scidified the copper (III) eompound decomposes
with the liberation of oxygen,

Klemw end Hsuss (23) heve reported the preparstion of K,CuFy by the
passege of fluorine over cuprous clilorids at 252°C. The potassium
percupri fluorldie corpound is unsteble in #meous solutior, decomposing
to give copper (II) fluoride, snd grses wlich Leve not been identified.

Lister (25) Lcs vorified the formula reported by Melsprada for
sodiurn di-periodsto cuprzte (III), end reports the formula ¥aLu(TeOg),e
24 for sodium di-tellureto cuprate (ITI), Lister eliminsted the
possibility of peroxide formstion (27) which would give a pseudo
oxidstion state of copper (III) by using sodium hypocllorite to prepsre
his sclution, ThLis supplenents the evidence for Cu(IIX) based on the
magnetic susceptibility velue (;L).

iccording to Lister, when copper (II) chlorije is trezted with
slksline hypochilorite & brovm precipitita of Cu(”h); eppesrs, which
tends to dissolve in strong slisline solutions giving [Cu(7H)(] .

In ths presence of complexing & ents neerly &1l the copper is complexed.

Lister rcporis constarts of dissociation for ths following reactionst

[CU(IO.).].? + hﬂgo —--[Cn((!i)‘]- + 2;1'{.10‘].‘
| Xp =80 x20""  at U0°
[Cu(Rre0q) 91”7 ¢ 206" + 2H30 — [Cu(H) ]” + 2{HgTe04]™

Ey*3l1x10 0 et 1°,



Lister states that complexss with & 131 rstio of aopper to tellurium
and with a 111 retio of copper to 1odine exist but that these corplexss
sre unstable (25), Stannate ion, stibnate fon, and selsnate ion did
not complex trivalent gopper, The heat of reaction for the di-tellurato
suprate (III) complex was twenty kilocslories per mole and for the
di-periodato euprate (III) complex was seven and ome-half kilogalories
per mole, .

The first use of copper (III) solutions as titrants was reported
by @, Beek in 1950 (9), snd a series of pspers have followed (10, 11,
12, 13, 14, 15), 3/

Beck's work hzs been on & micro scale, and has been concerned
largely with biochenmicsd spplications, Techniques have beem reported
for the determinstion of sugar in blood snd wrine (9), Several of the
papers (11, 12, 13) deal with tests widch enshle one %o draw eonclusions
sboud the snino acids and proteins present in albumins end vsrious
salts, Beck also worked with & mmber of inorgunio materials, in
sttempt has been made to summarize Beck's findings in Tables I end II,
For the inorgenisc reactions Beck has usually suggested products, but
for the organis resstions reproducidbility of titers is the only data
reported,

On the besis of the titrations performed by Beck on & mioro scale
it was hoped that mscro volumetric redox dsterminstions gould be de-
veloped, and that some oxidative salectivity emong organis groups
might be found,

This study wes therefore begun t0 clarify the analytical work dons,
and to extend the usefulness of copper (IIX) as sn snslyticsl resgent,



TiBLE X
IRROCNIC OXIDATIONS WITH Cu(IXI) FxOM BicK (10)

v eomsetin - —
Substange Oxldised ‘ Comvents

.43 Y

dug0y i % oxldised to is
- -

Sba0a 5 oxidised to Sb
KCr(S0,) 5 Ind point is not sharp
e NaCN o 2KOH + 50 = KgCOy + NailDy + Hg0
PuCly Elow rate
"ﬁ.o‘ n&.sa(), * hO L 4 ZNR‘OK L ua.SO‘ + H.O
4"«..33 Al.ﬁ, * 20 * 6@- L J AIS.O.' * A.SO'! * 38.0

4843, (bolling hot) us,o,g sl eHHO = uso,; * HgSO,




TLBLE IX

OLGANIC OXIDATIONS WITH Cu(XIXI) FkOM BECK (11)

0,5 M1 iliquots of

Substance Oxidized Mz/50 M1 of 0L ¥ KOH Titer I

Ksnnitol 91
Qycogen 162
Starch 81
Fumaric Acid 56
Glyeerin L6
Kannose L5
Lactose 160
roz?nxwvda (0 ,02m)
Potsssium Sodium tartrste 1k

1 Culil®
Titer I1
0.8 o8
0;30 0.28
O;L:) 0L
1.0 0.96
0.53 0.L3
0.75 0.75
0.5 ?aﬁi;
C.99 0,99
0.66 oféé

® Cu IIX titer s 0.52 ml of srsenite (99 mg Asg0, per

S0 ml of 0,01 m KOH solution),

**® 81x equivelents of Cu(III) per mole of tartrate,
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EXP DRI

t, Possible Coppsr (III) Resgents

An sttempt was made to prepars sults of copper (III) using phose
phate lon, periodste ion, perollorste fon, selenzte lon, tellurate
ion, arsenste ion, chromate ion, plumbate lon, molybdate ion, antie
monate ion, stannate ion snd tungatate ion, In sgreement with previous
investizators (21, 25) only periodste ion and tellurste iom formed
stable oomplexes with copper (III),

B, Preparation of the Keagents

0f the variety of methods available for preparing di-periodato
cuprate (III) snd dietellurato ouprats (III), the simplest and most
sstisfactory technique was ths exidation of the divalent eopper in the
presencs of the complexing iom in & potsesium hydroxide solution with

potassium persulfate,

Proce for the Preparaetion of 0.8 X Potas DL odsto
rete

£dd to 175 ml of boiling distilled weter 2.5 grams of copper sulfste
penta hydrste, and completely dissclve, Then add 11,5 grams of KIO,
(0, ¥, Smith Chemicsl Co,) and dissolve, & bright yellow-green pree

eipitate appears, 4idd 13.5 grams of potassiwm hydroxide omﬁml’
The yellowegreen precipitate dissolves completely and the clear solution



remaining is deep green, Aidd to the boiling solution one gram portior:
of potassium persulfste at intervils of one minute until twelve grams
have been &dded, The selution is bolled fifteen mimtes to destroy

the excess potassium parsulfste, The solution is cooled, and the final
volume is sdjusted to 230 ml, The solution will be derk brown, free
of inscluble matter, and it mey be stored in polyetiylene botiles for

several months without signs of decomposition,

Procedure for the Prepreretion of 0,05 H Potassium Di-tellursto

Eugrate gmz

4£dd to 175 ml of boiling distilled water 2,5 grams of copper

sulfate penta hydrate, snd eompletoly dissolve, idd 8.8 grams of
RERe0, 20 (Fisher Chemical Co,) and boil the solution fifteen mimutes
with mechsnicel egitation, Carefully edd 10,k grams of potassium
hydroxide to the hot solution, The yellowegreen copper tellurste
precipitate partially dissclves in the potsessium lydroxide, and & dark
green slurry results, £dd one gram increments of K 30 to the boiling
solution until a total of 10 grams of potassium persulfste hss been
added, Boil the solution for fifteen minutes to destroy the excess
persulfsts, Cool and store in polyethylene bottles,

Solid potessium di-periodato cuprate (III) miy be prepared by
simple evsporation of the potassium copper (III) solution, This may
be powdored and stored, It will redissolve in water to yield a cleser
dark brown solution with the properties of the solution from which it

vas prepared, YThis method of preparation gives & solid which 1s



obviously a mixturs of all of the salts in the wother liquor, and
doss not give pure KyCu(104),.

4 solution of divalent copper pariocdesie was prepared using the
procedure for the preparetion of the trivalent copper perlodste with
the omission of the persulfate oxddation, Divelent copper periocdate 1s
& yellow=green insoluble ma&tarisl wiich dissolves in dilute potesszium
hydroxide to give & green soluble caplex, end in strong potassium
kydroxide to give a dark blue eorplex, It 1s known thet periodie acid
in ajueous solutions, hes three replscable hydrogens, the first being
raplaced at & pH of sbout S, the aeclond at about 10 end the third in
solutions in sbous tenth molsr potassium hydroxide (28, 29, #f, &6).
Bacouse there are three spparent species of divolont copper, the

following equilibria are sugsested to sccount for these specless

OoH® 0
Hgtu(I0g) 5 KalloCu(I0e) 5
yellow gresn T green solution K
precipliate

cysporation to drynoss

oxidation cH™
KA»Cu(log)s | ~ KHLCulIO)s
dark blue reduction dark brown

solution sclution

K,Cu(10¢) 3
brown #o0lid

The ﬁllov-man precipitate ELu(I0g) 4 was shown to be potassium
fres by washing and appl;7ing & flare tost,

A pmnar system of equililwris gpparently exists for the copper
tellurates, but the divalent copper tellurate roquires very large
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concentrations of potassiwm hydroxide to keep the grsenish yellow
divalent copper tellurute in solution,

Structures of ths di-periodato cuprzts (II) and di-periodato
cuprate (III) may be drawn end sce: to ba consistent with the known
chizmistry of tho capounds,

Schometicelly the orvitils in coppsr (I1) sad thrze muy be

rsprasentel a8 followss

34 Ls lLp
(u(II) - oo ee oo we - — oe e
» [ ] ] .
Alternatively
cu(1) " " onow .
Cu(1X1) LI B

Therefore Cu{II) mey hsve sp® type bondiing or dsp® bondinz, The
former glves & tetrahedral structure, &nd the letier a planzr structure,
The dsp® bond i3 preferrad since it is » stronger bond, snd since
most copper covalent carpoundis are planzr, Both types of bonding glve
the usual coordimstion rumber of four, Tlerefore it 1s sug ested that
divelent copper periodate is best represented by structure I for the
specias K A,"u(104),, [ivalent copper campounds

Structure I
3
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&re persmagnetic with a msgnetic susceptibility of sbout + 1200 x
10™* 6.g.5. vith one unpsired Lp electron (32),

The dieperiodate cuprate (IIT) resulting from the oxidation of
the K HCu(10g)y (blus species) to the K,H,Cu(104) 4 mey be written in

two wayss
¢ Q HC )4
. /
ro 4 oK N1
N ~0H
1 I\
V Al 2 5 0
Q9 0 \ '/
\\ / N
Ca c?
O/ N O/ \\0
\ /0 N\
KD-I\-OH KO;IT ) ¢
HO/ oK = -
Structure I Structure II

Structure I requires fourtaen eloctrons in the iodine sphere and this

1s known to be possible since fodine forms & hepta flouride IFy,
Structure II 4s unsymmetricsl and requires & dsp‘ bond which is svaile
sble in the Cu(III) state of oxidation., Either structure hss no
unpaired electrons, required by the megnetic susceptibility of

«30,2 x 10™° ¢.g.8, It must be emphasized that the structures sugrested
are bassd upon knouwledge of the behavior of the complexes snd have not
been abselutely proved by my experiments,
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C. DLetermination of the Concentrstion of Coppsr (III) Heagents

&l‘m'ou’gh the concentrﬁtlon of the resgents which were prepared
as described on pages T end 8 is known from the fagt that potassium
parsulfzte oxidizes 98 per cemt of the copper (II) to copper (III) (21),
and because & rough check of the concentratisn of the solution was made
from an indirect thiosulfate procedurs, the first volumetric work wes
concernsd with an attempt to develop & method for standardizing the
resgents,

The indirect thiosulfate procedure for the spproximate determination
of ooncentration wes as follows:

Two identical 1 ml semples of the 0,05 M Cu(III) solution were
taksn, The first was plased in an fodine flask with two ml of water
end six to eight drops of six normal sulfuric scid were added. The
copper (III) Yiberates oxygen, being reduced to ecopper (II). The oxygen
was removed by boiling for two mimutes, The solution was cooled to
sbout 60°C, and 2-3 grems of KI were added, The stoppered flusk was
vicorously shaken for ens minute, Dilute six normal sodium lydroxide
was &dded through the lip until &1l the brown I, color bhad diseppeared,
Then 510 ml of glacisl scetic acid wes sdded and the iodine liberated
was titrated viti: 0,18 NagSelae

The other 1 ml sample was placed in sn iodine flesk, diluted with
2 nl of water, Two to three grams of potassiumm iodide were added, the
solution was warmed to 60°C, and then scidified with six to eight drops
of six normsl sulfuric acid, The stoppered flask was shsken for one
mimite, and 2«3 ml of six normal sodium Lydroxide were added by filling



1)

the lip of the flask, and tlen removingz the stopper so thst no iodine
esc&ped, Sodium hydroxide was edled until «ll the 1odine is dissolved,
and then 5~10 ml, of glacisl acetic &cid were edded, The Lodine
liberzted wes titrated with 01N sodiua thiosulf:zte,

The difference in sodium thiosulfete goneumed by samplee I and II
geve the fodins equivalent to the copper (III) in sample II, The data
is summerized in Table III,

T:BL3 III

STANDARDTATION OF Cu{IIY) SOLUTIONS BY THE
INDIA.CT THIOSULE:Ta MuiHOD

e e e e e e e e e

it Rl el
1l 19,70 20,20 0,50
2 19,13 22,18 0,L5
3 19.68 20,20 0,52
kv, 19,70 20,19 0.L9

The thiosulfate was 0,09720M and therefore the copper (III) solu=
tion was O0,UL9N, These data support the statement of Urtis that the
persulfsate cxidation achiaves sbout 955 eopper (II) to eopper (IIT)

conversion (21),



D, Titrctions Suygested by Beck

irsenlous oxlde &8 & Standard

Since Beck had alresdy reported experimental work bascd on
ersenious oxide titers of di-psriodato cuprate (III), arsenious oxida
wis one of the first materials selscted for the standsrdizetion of the
copper (III) reegents, In the first set of titrations eliguots of
potassium arsenite solution were titrated with di-periodato cuprate
(111),

Ten ml of stendsrd 0,1 arsenite solution wers pipetted into
soven 250 ml flasis esch eontaining 50 ml of distilled water and two
grams of potessiunm hydroxlde, with the exception of the sevonth, which
conteined only 0,2 grams of potassium liydroxide in the 50 ml of dise
tilled water, Saples ons snd two ware warmed, but the remsinder were
titrated cold, Ths end point teslen was the brown eolor produced by
the first excoss of the Cu(III) resgent, The results of this titration
sre givon in Table IV,

T:BLY IV

TITiwTION OF 10 ML, LLI-UOTS OF 0,18 ¢ MiS5IUM L RSLKITE
USING POTASSIVM DI P.iI0DiTO CUPLTE (x1x)

Sanple Nu
_;: g 2 ple Number > T

Ml of Cu(III) 7.50 300 74> 6,24 6,66 1.6  3.L8




& variety of colored producis appewred in tie titration, Host of
tiem wers widte, blue or green, It was difficult to see the first
excess of copper (IIX), Lack of reproducibility in the titers reniers
this &pproach unsuitable,

Beck reported that the inverse titration (eddition of arsenite
solution te Cu(III) solution) geve & sharp end point snd thet the re-
sults were good (10), Therefore the inverss titrstion was attempted,

A fresh potessium srsenite solution was prepsred and found to be
0,188, This solution wes used to titrate saurples prepared by pipetting
25 ml1 aliquots of Cu(III) solution into 20 nl of water and ediing 3.5
~ grms of potessium hydroxide, This spproach gave a varlety of colored
products which made the end point difficult to mse, Hence deadestop
end point detoct.ion was attempted, 4 02,1 volt potential wss applied
using & sensitivity of 200X, and the sensitivity wes incressed to 50X
neer the end poinmt, 4 drop from elevon to tero galvanometer units
result when the lsst 0,03 ml of ersenite wers added, The results are
sumarised in Table V,

T.BLt V

TITRATION OF 25 L »LI.UTS CF DI-PIRICD.TO CUTR T: (IXT)
VITH O S8 POT2S.TUM A&S-KITE

Szrle Number

z =3
¥1 irsenite 18,00 16,70 1% .94
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The same procedure wos followed suvstituting dietellurzto cuprate
(III) for di-periodato cuprete (III), In trial one no precipitate
appears:i, &od the visudl end point noted in Table VI was slown by a
color chenge from brown~gresn to blue, In trisl two a blue precipitate
began to form quite early and the solution was 8o clouded by the pree
cipitate thset 1% wss nacessary to let the precipitate setile before the
first excess di-tollurato cuprate (III) could be seen, The results cre
suarerized 1a Teble VI,

T.BLE VI

TITR/TION OF 25 FL ;LT UOTS OF DIT:LLUE/TO CUPR:TE (III)
YIUH 0,14 LRSINITE

— — - -
Sampla M1, of irsenite to Ml, of irscnite to
Number Visusl £nd_Point DeadeStop kni Point
1 31,55 11,55
2 11,69 10,79

The laverse arsenite titrstion was absnddoned dus to the lack of
reproducibility,

The lack of reproducibility of the titers of the di-periodato
cuprate (III) can be explained by & simple Qualitstive experiment,
One can slow that ersenite reacts with di-periodeto euprate (II) in en
alkaline solution by mixing di-periedato cuprate (III) sclution with
alkaline arsenite, A4 precipitate forms immedistely, The precipitste
was separeted by filtration and dissolved in Iydrochlorie scid, If
potassium fodide 1s sdded fres iodina i3 libersted, 1If the precipitate
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is dissolved in dilute nitrie scid and silver nitrate is sdded, white
silver lodate forme (3L), Therefore di-periodato cuprate (II) is
reduced by elksline arsenite and the oxidation with di-periodste
cuprate (1XI) is schieved in part by the copper (III) and in part by
the periodsts,

Qxcoea +8 & Standarg

Beck has reported that the concentration of copper (III) solutions
may be conveniently determined employing glucfosa s a standard, A 0,014
solution of glucose was prepared &nd used acoording to the directions
of Beck (9).

¥hen increments of ons ml of 0,0:M di-periodsto cuprate (III) were
added to the 0,01M glucose solution, the initisl rate of reaction wes
slow, that is sbout thirty to forty seconds elapsed before consumption,
Unfortunstely the rate descreased s0 that £inally it wes impossiole to
tell wisually in the highly colored solution produced 4f the copper
(III) wes still reacting or 4f en excess had been added,

Hesting irmproved the rate, but varied combinations of temperature,
alkalinity, snd dilution failed te produce & rate rapid enouch for s
sstisfactory visual end point,

Even if the rate were not prohibitiva the reaction is none
stoichiometric since soms of the ;;ariodatl is redwed to iodate, Ihe
suwernstent of the titrations gives a white precipitate of silver
fodate when trested with silver nitrate and nitric scid, in exsellent
discussion of thie attack of polyhydroxy compourds in dilute potassium



hydroxide by periodate has been published by Malaprede (35), He showed
that periodste oxidises the polyalcohols with the production of various
organis acids, that the periodute goes te fodate, and that the rate and
stoichiametry render the resction unsuitsble for volumetris use,

Di«tellursto owprats (III) sttacks glucose in an slkaline solution,
but the end points ere difficult to see, the retes are slow, and lack
of reproducibility in the titers rendered the resction unsuited to
volumetris exidimetry,

It was shown that di-tellureto ouprste (IXII) is reduced in e eold
alkalins solution t® a blue tellurato ouprate (II) complex, If excess
glucose is sveilsble, snd time is sllowed, the blue tellurato cuprste
(II) is reduced te red copper (II) tellurite precipitste. In s boiling
solution glucose reduces di=tellurato cuprste (IIX) te free telluwrium
metal, Ono mey test far tellurite in tha presence of tellurste beosuss
sodium bisulfite rapidly reduces tellurits to tellwium metal in a six
norzad hydrochloris acid solution, Tellurate is not reduced under
tisse oconditions, The test was shown to be very sensitive ¢o mmall
amounts of tellurite by suitsble blanks,

Sodium Tartrate as & Standerd
Beck reported tiree identicel check titers for the titration of

tartrste with di-periodsto cuprate (III), and thet six equivalents of

copper (II1) were consumed for cne mole of tartrate (11), On the basis
of this repart it was hoped that primery standard grade sodium tartrste
dihydrate sould be employed as a reforence stendard for the copper (III)

reagents,
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4 0,21 solution of the disoiium tartrste dilydrate wes prapared,
Ten ml, &liquots were adied to flesis conteining 57 ml, of wator and
two grams of potassium hyuroxide, ind these solutions ware titrzted with
di-periodsto cuprate (III) sclution, Occasionally z precipitste sppeared,
If 4t d4d, the precipitete was allowed to sottles end the supernstant
liquid wes examined to sse if an excess of di-psriodato cuprate (IXI)
had been added, If mo precipitste appeared the color transitica from
blus to green was used as the end point, From Teble VII it can be sesn
thet the results were unsatisfuctory,

T.BLE VII
TITRATICN OF 19 ML, iLICUOTS OF 0,24
Nagl Jllq0g* 20 WITH K4Cu(104)g
b e e e e e e e e e e e e e
fempnls Funber

3 3 L : 3
M, of Cu(I1X) 13,60 1,65 Lo.25 L5, 70 la.ke  37.88

Ii-tellursto cuprcte (III) is reduced by tartrate to a soluble
blue tcllurato cuprate (II) corplex if the alialinity is high, but to
a yellow green tellurato cuprate (II) precipitate in weakly alkaline
solutions, Dus to a lack of reproducilLility of titers, and to grest
difficulty ia determining the end point visuelly becauss of the higl
colared medium, tartrate wes found unsuited to ths stancardization of
di~tellurato euprate (IIY) by visuel end point technique,
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It wss hoped thet & pot:ntiometric determinstion of tie end poimt
risht improve the reproducibility of titrations, A& Fisher Tilrimeter
wes anployed, A plstimumecaloncl electrode 8 ;stom wss used, 4 ton
ml, aliquot of 0,2 teartrate solution was gdded to 150 xl of H;? cons=
talning 1,2 grame of potassiun hLydroxide, The 0,054 dieperiodate
cuprste (III) was consumsd slowly, the first 0,5 ml reqﬁiring two
nimtes, and seven minmutes passcd bafors the titrimeter cuse to equie
liorium when only 2.20 ml had been added, it 4,50 ml the solution
contuained & bluish white precipitation and 15 mimutes were required for
reduction of thes die-periodato cuprate (III), The titrstion required
sbout three howrs to camplete and the end point based on visual excess
of the oopper (III) was sbout L6 ml, Figure I shows the plot of the
titration, end it can be seen thet although thare are several stecp
rises, there 10 20 steep rise for & small volume increnent charsgtoristic
of a potentiametric titration ewrve end point, /slthough visually the
end point was ebout LS ml, it is seen from Figure I that the potentio=
metrio plot has not dmproved the end point,

The taptrete system ves selected as representstive of the redox
systens encountered in copper (III) titretions sugzested by Beck, and
was studied by means of gqualitative tests in an attempt te account for
the variety of colors produced, and to explain the lizck of reprocducie
bility of titers,

Four samples were prepared to ropresant the initial reduction
products, the preducts encountered lat«r in the titrstion, the state
of the copper and the iodine near the "cnd peint®™, end the state of tle



copper and thoe iodine whan an emcocz of copper (III) had b2en added,
To eech of four Llcsis 10 ml, of 0,172 soliux tartrets solution 22
rl, of distilled water, end 0.5 grz:s of pot-ssiunm hydroxids wore
added, Five l, of di-periodzto ciprate (III) was added to tie first
23 ml, to the second, 50 ml, to tho third, and 75 ml, to the lust,
The four nixturses wera {iltored on Cooch crucibles with esbastos mats
end washed well,

fample I Flltrste (Fy) colorlesss precipitete (Py) pale blue.

Tect Conclusion

i
(1) F; + HC1 — loar soln—2 no color Cu sbsent

(2) Fg + Gl « IT —= 1, 1'," end/or I0, prosect
(3) ¥y # s0lid KI —= 1o I, on crystals 10," shsent or in smill
. quantities
(4) Fp + flane test for K* X* present
(5) Fp » [0y & £gN03—»1 510, (w;itt;i 10, present
(6) Fy + Bl —»no X, I* sbaent (since IN," present)
(7) Py slkaline to litrus 01" present

Fp contsins K, KIO; and possibly smell emounts of KI.g,
but no coppsr.

(8) By « HC1 + KI—+I4 ¢ Cupl, Cu'" present
(9) Py + KiE _» blue eopper periodﬁ.e 10, present
x
(10) Py + ROy ¢ igily — Bo ppt 104 shsent
(1) Py ¢ HiDy & flam test No K¥

Py contains only Cu’" und IO, &l probsbly partly as
HeCu(I04) g Bince tie materiel is X° fres,
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Semples II, IiI and IV were exsnuined quelitatively with the tests
employed in ssmple I, Fyy was eolorless and contained k', I0,, and Gif,
but no copper, Pyy wes pale blue and contained eopper (II) periodate,
!’m was green and coutained K10,;, &f;:.-i,Cu*.,md IO: &8 the green complex
of diperiodato cuprste (II), Hlu(Ilg)s . P11y wes oopper (II) perioiate,
Fry ¥as brown and contedned 10;, Cu, Cu'", 104", ¢H”, X* snd probably
largely as HCu(I0g)g™ (brown), EgCu(I04)s (green), KIOy and K7H, Pry
was ecopper (II) periodate,

The reduction of di-periodato cuprate by tartirate does not proceced
in a simple manner, IV is obvious that copper (III) ss HCu(IO.);b
sannot be going to Hglu(10g) 4 snd IO,‘ toe, without the appe:rance of
eopper (II) in some new species, Kote the copper (III) periodste ratio
18 one to two, &nd in the reduced form the copper (II) periodete ratio
is also one to two, The iodate ion produced must come from the periodete
ion and this indicates that the blue pi'ecipitata must be a nixture of a
eopper (II) periodates, Copper (II) periodstes with the formulae
Cug(104) s and HCu (I04)4 have been taolated by Balhl, Singh snd Bald
(30, 26). In addition to these coxplicstions the green H.Cn(IO.)..
complex, or the blue H Cu(ID,) .' msy sppesr 1f the alkalinity is high,

It is seen that the tartrete is oxidized by both periodzte imd copper
(III), Cne might predict on the besis of the great variety of colored
spscies which are produced, and the psriodste attack, that the end point
would be uncertain, and the reaction non-stoichiometric in the titration
of tertrate with di-periodete cuprste (III), The titrstions in Table VII
and the potentiometrie curve in Figure I clearly demonstrate ths validity

of such & prediction,
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kE, Potentiometrio Titrations Vith the Fisher Titrimeter

The second section of the volumetris studies was directed toward
finding & simple system cspable of being oxidized in an alkalins
rodium by copper (III), kimong the materials considered were hydrocen
peroxide, potassium lodide, sodium thiosulfate, potassium fodats,
sodium bisulfite and potessium cysnide, The lydrogen peroxide was
elininated because of a tendency of the peroxide te decompose spontene
eously in the presence of the copper compounds, the potassium iodide,
potsssium lodate, and sodium b:lnﬁlfite were exidized too slowly, and
song the remaining resgents, &ll ef which had fair rates the potassium
ferrocyanide wss belisved to be most promising becsuse ferrocyanide
should be oxidized directly to ferricyanids,

The first titretions wars cerried ocut visually employing ten ml,
sliquots of 0,0lH potassium ferrocysnide and ths titers ranged from
33.5 ml, to 35,0 ml, of 0,005 potassium percupri periodate, A number
of redox indicators were employed unsuccessfully in an attempt to
improve the emd point, so that the Fisher Titrimeter wes again empleyed
to improve the snd point, Fisures 2 and 3 show titration curves for
two 10 ml, aliquots of 0,00LM K Fe(CN)q with 0,005 copper (III)
periedate, About 0,5 gram of potassium hydroxide was added, and dise
tilled water was added to make the volume adbout 150 ml, The titration
in Figure 2 was done at room temperature and titration in Figure 3 ves
done at 70°C, Figure 2 shows mo inflection point improving the visual
end point of 32,50 ml,, but the curve in Figure 3 gave a good inflection
poimt and potentiometriocally the end point was shown te be 22,70 ml,
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The visual end point was 29.00 m}, 4 fresh 0,0033(2M potassium
ferrocysnide solution wes prepared to check the work, end Figurs L shows
& titration carried ocut in an attempt to duplicete the results of
Figare 3, Figuwres 5§ and 6 show titrations of 20 ml, &liguots of
0,0033(2M potassium ferrocyanide titrated st 70°C, with 0,005 die
periodate cuprate (III), in $nflection point was cbtained in only one
out of five potentiometric titrations, and this inflection point differed
from the end point obtsined by visual means by 6,30 ml, Fotentiametrie
end point determinetions of potassium ferrocyanide using di-periodato
suprate (III), employing the platinum eelomel electrode goupls wlth the
Fisher Titrimetor, are mot satisfzctory beczuse of the absence of suite
able inflection points in ths titration curves,

The ferrocysnide-ferricysnide, and dieperiodato cuprate (II)edie
periodato cuprate (III) systems, represent couples which should be
ideally suited to deadestop end point dstection, 4 new 0,135 solutieon
of potassium ferrocyanide was prepared, and 20 ml, aliguots of this
solution were titrated with dieperiodato suprate (III), The Fisher
Electropode was used with platinum electrodes, Figures 7 and 8 show
plots of the gelvanometer deflection end ml, of 0,054 eopper {III) periodate
added, The end points obtained by grephicsl extrapolation are sesn to
be 12,70 ml, and 12,00 xl,

Calgulstions based on the visual end point titration show that
sbout four squivalents of copper (III) per mole of potassium ferrooyamide
were consumed, Based on the dead-stop titrations the ealculations
indicate sbout 4,5 equivslents of copper (III) per mole of potsasium
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ferrocysnlde were consuned, This diffcors greatly fram the one eguie
velent consumption expecied and therefora the farrocyanide i3 not
sirply oxidized %o ferricysnide, but oxddation of the farricysnide
itself must oocur, Potossium farrocyinide was found to be unsultable
for the standardization of potassium di-periodito cuprate (III) because
mo good end point detectlon devise could be found, &nd becauss tle
resstion does not represent a sinple oxidatdion with clear stoizhicnetry,

F, Dead=Stop ipplied to Copper IIT Titrations

It has been mentioned in the second section of volumetric experi-
ments that potassium cysnide snd sodium thiosulfate reduced copper (III)
reagenmts repidly, The fourth scction in the wolumetric experiments
considsrs the spplication of desd~etop end point datection in the
titrations of potessium cyanide and sodium thiosulfste with copper (III)

resgemnts,

Potessium Cyanide

The results obtained when 10 ml, &liquots of approximstely 0,134
potassium oyanide ere titrated visually in solutions eonteining 1.5
grans of potassium lydroxide &nd 10 ml, of water with sn spproximately
0,094 solution of di-pericdato euprate (III), and with an spproximately
0.0 solution of di-tellursto cupraste (III) are summerised in Table VIIY,

The reproducibility of the titrations has been grestly improved by
application of dead-stop end point datection, Figure 9 shows thet the
end point is marked by a large changs in galvanometer resding, The
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T.DLT VIII
VISULL YITR.TION OF POTASSIVM CL.NIDE WITH COPPLit (III) LoiGuNTS

— — ==
M1, Copper (ITI) Periodate M1, Coppar (III) Tollurate

1 kLo | 5.16
2 k5 £.00
3 k.00 5.10

Fishar ilectropode wos used with platinum electrodes., It was found that
50 nl, aliguots of 0,01M potassium ocyanide diluted with distilled water
to 125 ml,, and containing 2 grems of potessium Lydroxide were titrated
to 21,60~ C,02 ml,, and celoulstions show thet two equivalents of die
tellurato cuprats (1IX) for each mols of potassium cyonide ars consumed,

T.3LE XX

D1 D=STOP TYITHATION OF POTASSIUM CY; KIDz WITH POTASSIUM
DIT:LLUALTO CUPILTE (TIX)

Sa-;plo Rumber

T e 3 N

M1, Culll
Consumed a2.80 21,78 2A.62 21,62

Since two equivslonts of tle coppar (III) are consumed it is recsonchls
to write the followingz resction for ths cyanide oxications

KK ¢ [0] o CHO
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sccording to Tresdwell end Kedl (1) potsssium cysnate rearrenges
in potassium lLydroxide solution

KCET + 20 wbe KE IO,

Lzmonla 1a libersted from wmmoniunm selts in alkalins solutions,
MEJCOy ¢ KSH == X 00, « K, o+ 10y

| If potascium cyanide is oxidiced to potsssium cysnste, snonila
sliould be evolved as a result of the rearranzoment indicsted,

It wes shown that when tie oxidotion of potassium cyanide by die
tellurato cuprste (III) in & diluts potissium hydroxide solution is
carried out in a Kirk micro diffusion cell, whiich has Nesslar's reagent
in the diffusion euwp, awonla 1s liberasted, as indicated by a very
positive Reseler test, The postul:-ted oxidstion of potessium cyonide
to potassium eysnate Las thersfore experimental support, It was observed

in the introduction tliet Beck had sugsested that the reaction was
NaCN o 2KQH o 50 » K COg o Hallgy ¢ HZ0

with the conswrption of ten equivclents of eopper (ITI) rescarnt for esch
mcle of sodlum ¢yanide, Ny experimentszl evidence inicates Beci:'s cone
clusions about &iw &-anlde oxdiation are erroncous,

Scdlum Tldosulfate

Sodium thilosulfite moy be titrated visuuwldly in 8 saturated bicarbonate
solution with di-tellurato cuprste (III), The oxidation is slow in
potassium hydraxide, snd tlie reprocucibility is mot good if dieperiodato
cuprate (III) is wsed in place of copper (III) tellurate due to periodate



ettack of the tidosulfste, The excess white bicarbonate and tlhe green=
yellow tellurato cuprate {II) precipitste produced in the titrstion
tend to meke 1t difficult to see the first excoss of the di-tcllursto
cuprste (III), Tbe reproducibility of titretion values is greally
fmproved by using dezd-gtop end point detectdon,

Tsebles X and XI sumsrize tle results of the dead-stop titration
of 5 ml, aliquots of 0,1l sodium thiocasulfate 4n 75 ml, of water cone
taining tw grans of solid sodium bicarbonzte with di-periodato cuprate
(IXI), end didtanﬁrato cuprete (III) using the Fisher wlectropode with

s 0,2V potential and & sensitivity of 5X,

T.BL3 X

D72 D=STCP TITRATION OF SOUIUM THIOSULE.TZ WITH
DlaFwnulii0 Curiuls (III)

—
Sarple Numbor
1 2 3 1 z
M, of Cu(IIX) 25.70 22,65 23.39 17.70 16,40

T:38L0 XI

LLD«CTOP TITTTICR OF OO7IC TUICSULYSTL WITH

DI<T LLUR! 1O CUP.T 35 (IIT)
e —

Ssrple Number
! 2 5 | AV

M., of Cu{ITI) 14,51 14,18 14,30 1L.39 1,30
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& leavy pgruen procipitate aporoeirs during the titrotion, Figures
13 and 11 slow the gelvanrsstcer reslin s duwrin: the titraetion, If the
end polnt 18 tuken &8 the flrst galvanuistor rewdng of tiirty or more
widch persists for tidrty socouds w.an the last five milliliters are
adled diropwise procision of 20,95 . my be ottednod, Tle roduction
of di-tellursto cuprate (III) is slow near the end point,

sccording to the dsta in Tavle XTI one mole of sollum thiosulfate
consumcs one ejuivalent of dietollurato euprate (III), Oxidation of

tliosulfate to tetratidonate properly accounts for the duta collected,

G. Copper (III) ipplied to the Detarminstion of Orgunic Compounds

The fourth secticn of the volumetric stulies oonsistad of experie
rments dosimed to investizete possible epplications of coppor (ITT)
volunatric oxidinmetry in organic corpound enal eis,

Tartrite and glucose have already been considered, It was shown
that bengene and cyclohexane are not oxidized even whea refluxed with
copper (III) for several hours, Cimnamic &cid, malonic acid, scotons,
and benzoie acid are sll stiaclod, but the rste is wery slow, “hen
0.75 gram of benzolc acid was eddjed to dilute potassium lLydroxide with
only 0,5 ml, of 0,05 X dlepariodato cuprste (III) the copper (III) wes
not reduced aftar five minutes of boiling, but the copper (III) was
reduced after boiling for tan mimutes, “hen 0,5 ml, of 0,95 X die
periodato cuprste (III) 4s sdded %o & refluxing solution of etiyl &lcoliol
the reduction of the copper (III) is instantansous, The rate of
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reduction of di-periodsta cuprate (IIY) in cold dilute ethyl slcohiol
is slow,

Ton mil1iliters of 0,03 di-periodato cuprste (III) were added to
10 ml, of 0,05 ethyl alcohol eontaining 1.0 premg of potessium
hydroxide &nd the solution was rafluxed, ifter thirty mimites tis
eopper (III) Lad been reduced and ton ml, more of copper (III) were
added, ifter six hours of increment additions the solution had become
very dark blua, and 4% was not possible to detsrmine whether there was
an excess of copper (II1),

Five more perti:l titrations of etliyl slcoliol with potassium die
periodata cuprete (III) were performed end tle results of tless exverie
neals are swmsardzed ia Tauls XII, The sliquots of etlyl alcolol shiould
1zve resuired 27 ml, of the 0,0 copper (III) resgent to convert the
&lcol.ol to acstaldelyde, LI ml, for conversion of the alcoliol to acetle
scid, and 120 ml, to convert the &leohol to corbon dioxdde and water,
Both tha slow razte of oxid:tion, and the lack of sultable end point
indiccted this titrstion 15 unsatisfactory, 411 of the organic eompound
titretions eonsidered hod prolibitive retes in tle ordinary sense of a

volumetric titration,

H, Colorimetric Vork

absorption specira wors detornined for 0,007002¢ end 0,0005H die
periodato cuprate (IIX) employing tle Becimusn DU Tuartz Spectrophotameter,
4 golvent blank of dilute potessium Lydroxide was emplojyed, and the

cella were matchad to & precision of 0,X1 em, .lthough di-perioi:to



T/BLE XIT

ExT58 OF CONSWPTION OF 0,00M COPPEa (IIT) PiIO0ITE BY
10 ML, ALIUOTS OF 0,094 ETHYL ALCOHAL

Grams
of XOR

¥llie
liters of
Cu{III)

Freaotion For Time Required

Convorsion teo
hootaldehyde

to Reduce
cu(11I)

!W.
ature

Coxments

0,2

0,2

2.0

Lo

2,0

0.5

L.0

0,625

0,025

c.

L5 secconis

15 ninutes

2 hours

reflux

reflux

reflux

reflux

No spparent
reduction
of Cu(III)

Some redut=
tion of Cu
(III) reagent
to a 1ight
precipitate
of Cu({II)
periodate

Initiasl rate
tfast" pose
8ibly dus to
impuritiss,

dark green
divelent
eoprper perioe
datst mo
precipitate

sppesred

Color of solu~
tion too ine
tense to be
sure wien the
brown first
disappeared

'
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cuprate {III) ebsorbs somewhat in the ultraviolet region no sbsorption
pesks were present, Suitable soluticns of di-periodato cuprate (III),
stabilized by dilute potassium hyiroxide were prepared, &nd the behavior
from 0% to 100Z tr@ittmcy for A= 10 was investizeted, Tids renge
was rechecked with fresh solutions, and both sets of solutions showed
mnarked deviation from Beer's Law, The second set of solutions did not
reproduce the values ebtained by the first set, snd both sets of solue
tions faded upon standing, Set I was measured efter standing 2.5 hours,
snd Set IT was measured immedistely after preparstion, The concentration
range of 0,00034 4o 0,054 copper (III) periodste was investigated uasing
& Cenco Fhotolometer with & yellow glass filter, IS was found that
Beer's Lav is spproximately obeyed im this range, and thet comparisons
of solution strengths is possitle to & precision of 10%,

TiBLE XXIXX

TEANSHMITTANCY RILATIONSHIP TO CONCENTR:TION IMPLOYING THE
. CiNCO PHOTOLOMET.R TO IXVESTIGLTE DI-PLIIODNTO CUPR/TE (III)

= —— = — = =
Como K/L Density Xoncentration
0,0500 - 0.34 )
0,0200 0,39
0,0100 0.40
0,0050 0.Lo
0,0020 0,34

0,0005 0.34




COXCIUTIONS
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CONCLUCIONS

Only two stable eomplexes of trivalent coppar, di-periodato
cuwprats (III) snd di~tellurato cuprate (III) wers found, The use of
trivalend copper solutions in wolumetric oxidimetry is limited by slow
resction retes, uncertain end points and non-stoichiometry of many re-
sctions resulting in non-rsproducible titers, Some of the none
stoichiometric reactions have been explained by showing that divalent
copper periodate, and 10 & lesser cxtent divalent copper tellurate are
partially reduced, In general, organie eompounds are unsuited to
volumetrieo determinstion by copper (III) reagents ss a result of pro-
hibitive rates, Potassium cyunids, and with less precision sodium
thiosulfate, and potassium ferrecysnide may be empirically titrsted
with eoppar (IIT) reagents, and the nature of the oxidstions of these
compounds hes been elucidated, Colorimetric doterminations of die-
periodate cuprate (IIT) sre limited by the absence of an sbsorption
poak, but empirical eolorimetric comparisons may he made in the cone
centration range of 0,0005 to 0,09 copper (III) pericdate,
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