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* , SUMMARY 

A comparative study of the various methods of dcterminmg exchangeable cations was made m 
order to assess their relative applicablhty It seems’that SCHOLLENB~RGER’B method IS quite 
well suited for cation oxchange studies as the ammomum thus adsorbed gives a fairly accurate 
measure of the cation exchange capacity at pH 7 

RY?SUMe 

Une Etude comparative a 6t& effect&e dcs dlffbrontes m&hodcs de dCtcrmmatlon dcs cattons 
&changeables.’ 11 eemble que la m&hode do SCHOLLENBERGER convient tr&ss’blen tiour les dtudes 
d’hchange de cations: l’ammomum am81 ndsorbe peut donner unc mesure asscz ‘pr&~se de la 
capoc& d’dchangc des cations au PH 7. 1 

ZUSAMMENFASSUNG 

Die vorhegende Arhelt beschrcibt emcn Vcrglelch der verschledencn-Methoden zur Bestimmung 
von auetauschbnren Kationen Es schemt dass die SCHOLLENBERCHR*sChe Methode recht gut fur 
Katlonenaustausch-Untcrsuchungon geergnet 1st; das adsorblerte Ammonlum glbt cm ziem- 
lrch genaues Mass dcr Katlonen-Austn,uschf&hrgkolt bei pH 7. 
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INTRODUCTION 

Manganese and copper are known to undergo valeqcy changes in biochemical systems ; 
for example Mn in Soil bacteria and Cu in the enzymfs tyrosinase and ascorbic acid 
oxidase. 

The separation of the valency states of Mn and Cu by paper chrom%ographycwas 
therefore uhdertaken a&a preliminary to a study of possible valency changes of these 
ni&als during metabolism. 

Mangansss 

EXPERIMENTAL. 

Tho solutiods’used were prepared ns’follows: 
Mn+r : a saturated solution of Mn(COOCH,), 4H,O in glacial acetic aci$ was cmploycd. 
Mn+O .- Mn(COOCH,), qH,O (3.1 g) was dissolved In glacial acetic acid (IO ml) wth‘warmmg. Po’w- 

dered KMnO,. (0.75 g) was added and the mncture bolled for 2 min. It was then cooled and 
filtered (Whatman No. (41) and the f&rate diluted wlth,glncial acoticacid. 

M~~vI! : A solution of powdored KMnO, in glacial acetlc ?cld XJQS nronaredwith the ad&t&n of a few 
a drops’of water to increase the solublhty of thorsalt. 
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Ssparalto)r of llre valencaes These were performed by downward runs on acrd-washed Whatman 
No I papcretrlpswrthaneluant prepared by mlxmg glacrol aeetlc acrd (IO ml) wrth ace& anhydrrde 
(30 ml) and runnmg the wet spots as qurckly as posslblc. The blank strips were put into the eluant, 
and whon the hqurd front approached the “start lmc” the mixed Mn+s-Mn+s or Mn+s- MnVll solu- 
tions were spotted on to tho paper. Thnr ensured mmrmum delay before the separation began. 
It was Important not to over-load the strrps as this cnuscd tailing to take place. 

A run of only 5 cm was ncccssary to show whether an Mn +seolutnon contained Mnvlf or Mn+s, In the 
frrst rnstanco a pink spot above the brown Mn+“spot showed Mn VI1 but the chromatogramshad to be 
devclopcd to show Mn+s. This was done by dlpprng thorn Into a solution of “totrabase” rn acetone 
and drying them Dlue spots appcsred for Mn +a and MnvfI at RF values o 94 and o 48 respectively 
A blue colour was somctrmce obscrvcd wrth Mn +s (RF & 0.16). rf rt had been run with Mn+s. Mn+s 
was a190 dotccted as a yellow spot by dipping the strip rn a solutron of oxmc rn cthcr, drying rt and 
exposing it to ammonia vapour. 

Mn+s and MnvlI interacted to grve Mn +s (sea prcparatron of Mn+s above) and so a separation be- 
tween these two, valencres was not foasrblo. To avoid the reduction of hrghor Mn valencres on the 
paper rt was essontral to exclude ketones, ethers or alcohols from the eluant. Using the given cluant. 
the Mnvll spot rbmdms moderately stable during a short run (5-7 cm), but tends t% reduce gradually 
to Mn+3 and Mr1’2 glvlng short forward and backward “tails”. This reductron was speeded up rf 
cithcr a stronger (formic) or weaker (proplonrc) acid was used rn the cluant. 

Tho solutrons used wcrc prcparcd by dissolving CusCl, and CuCl,.zH,O In a minimum of ION 
hydrochloric acid, and diluting the solutrons with about ten trmcs tholr volumo of acetone If rt was 
desired to keep the cuprous solution, rt was stored under CO,. 

Se~araC,ono/thsrlalenc~cs POLLARD, MCOMIIZ AND BANISTERI reportcdthatCu+ and Cu+scould 
bo well eoparatcd bv asccndmg paper chromatography using an eluant consrstmg of ether, mothonol, 
hydrochlorrc acid and water (50 30 : 4 15 by volume) which was developed prrmarrly for the 
separation of uran mm valcncrcs Rcpotrtron of these cxpcrlmenta by the author showed that although 
agood scparatron was obtamcd, some oxrclntton occurred wrth Cu + causmg backtarllngand a wcakon- 
rng of the final Cut apot on tho paper-strip. It was thought that the more polar constrtuents of the 
solvent (the acid and wntor) tended to keep the cuprous copper In ionic form thus rendering it 
susceptible to oxrdntion. \Vhon a less polar cluant wss used and tho run was performed m an atmos- 
phcro of CO,, oxrdatum and tnrhng wore ohmlnatcd t 

The oluant consisted of ethanol (30 ml), glacial acctrc acid (5 ml) and ether (50 ml). About xoo ml 
of this eluant was poured Into the bottom of a chromatographrc Jar (30 cm x rz.5 cm rntornal drn- 
mater) which contamcd a trough mounted on a framework A blank strip of paper was placed in the 
ompty trough and the tank was closed with a grossed ground-glass hd through whrch a small holo 
(5 mm dram.) had beon bored. Tim tank was than frllcd with CO, through a dchvcry tube which was 
msortcd through the hole rn the lid and allowed to reach the bottom of tho vessel The delivery tube 
was then withdrawn und the mixed Cu valency solution spotted onto the papor-strip by means of a 
caprllary tube rnsortod through the holo in the lid. The delivery tubo was ro-inserted and a little 
more CO, passed ; the tube was thon finally withdrawn and the hole closed by a cork. The tank was 
allowed to stand for about ro minutes and then the cluant was mtroduced rntothetrough(through 
the hole m the lid) using a frltor-funnel, the stem of which had been drawn out for the purpose. 

After a run of 10-15 cm, tho drrcd strrps wcro developed by spraying tbom wrth a solutron of 
Na&loO, weakly, ocldlficd wrth zfV HCl. This showed up Cu+ as a bluo spot (“My, blue”) The strip 
was re-drrcd and dipped into a solutron of rubeanic acid in ether followed by oxposure to NH, when 
both vnlanclcs were shown up as olive-greon spots If au had bcon effectrvely excluded from the $tr 
no back-tailing of Cu+ was observed. Freshly-run strips woro also developed by drpping them into 
erthor an aqueous solutron of potnssrum forrocyamde (browmsh pink spots for both,valencies) or, an 
ethereal solution of oxine followod by oxposuro to NH, (yellow spots). Netthor of these reagents 
howovcr was as sensrtrvc as ruboanrc acid RF values were approximately 0.2-0.3 for Cu+s and 
0.6-0 7 for Cu+ 

Cuprolcs oxinate. Prcvrous works9 upon the chromatography of MO and Fe valencies lod to the 
dlscovcry of 8-hydroxyquinohno comploxcs of these metals in lower valence-states. In vrow of this 
finding, it was decided to lnvcstlgato tho possrble oxrstcnco of a Cu+-oxlno complex. This was ob- 
tamed as, follows : 

’ ’ Cu,Cl, was prepared by boihng CuCI, with coppor turnings m an excess of roN HCl and pounng 
the solutron into a tonfold excess of wntor. The prccrpitate was washed by decanting it in turn wrth 
water, acetone and ethot m nn atmosphere of CO,, and dried in a stream of CO, at 50-60~. The pure 
whito product was preeervod rn COsrn a soaled tube Cuprous chloride (0.5 g) and 8-hydroxyquinolme 
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(3.5 g) wera shaken togathcr dry In a stoppcred tube coatammg CO,, Pyridine (IO ml) was added and 
the mixture warmed in a elow stream of CO, until solutron was cffcctcd. Into a 350 ml flask, 150 ml 
of water was poured and all olr expcllcd by a wgorous stream of CO,. Sodium drthiomta (Na&O,) 
(1: g) was added. and when dissolved the mixed solution of Cu,CI,anil oxma in pyrrdmc was added and 
the flask corked and shaken vrgorously. 

The orange prccipitatc was frltcrcd off through a \Vhatman No 541 filter paper at the pump In RII 
atmosphere of CO, by using the simple dcvico rllustratcd below m l%g. r Tlrc mimmum watar prcR- 
sum was used to pull the frltratc through the funnel as It was Important that au should not bc 
sucked into the funnel and oxd~sc the cuprous complex. 

Suspeoslon poured an 
followed by woter,ocetone.ethu 

Frg. I’. Simple appnratus for frltrntlon 111 CO,. 

The contents of the funnol wcrc wnsl~ccl In turn wrth wntcr, acetone and other (CO, attnospharc), 
and trnnsfcrrcd as quickly .ns poesiblo to a bolhng tube whrch was filtcd with a bored cork cnrrying 
inlet and outlat tubes and from which nlr had been dlsplaccd by CO,. Tho tube was placed in a wotcr 
bath at 40-50” nnd a stcndy stream of dry CO,, passed until the complex wao ~1 flnc, dry, orange pow- 
der. This could ba preserved in CO In R acalcd tube, but when cxposccl to air tha powder oxidleod 
slowly giving gmcn cupric oxinatc. qr ho orange complex contwncd no CL or S (from S,O,-a) but only 
cuprous coppar (&own by the chromatographrc analysra of a solution of the powder in HCI), dxlnc, 
and pyridina (expelled by bolhng wltll NaOH) An analogous pmpnrntlon of the complex using 25 ml 
of cthonol instoad of IO ml pyrldma RB the solvent mcdlum rcsultcd in an orange product which could 
not ha driad wIthout docomposition. It appcom thorcfora that combillcd pyrrdine IS naccsscrry for the 
stability of tho complex. 

ANALYSfS OF TRE C0MPLE.X 

Wet-ashing with nitric and pcrchloric acid rcsultcd in the formation of blue crystals 
which did not give the reactions of ionic copper. The crystals were decomposed by hot 
NaOH giving colloidal cupric oxide which could not bc filtered. Calcination of the com- 
plex caused volatilization and loss of copper. In view of these difficulties, the method of 
BERG’ was usccl as follows : 

0.5-0.7 g of the Cu+ complex was accurately wcfghcd and transforrcd to a 400 ml bcakcr with 
dletlllod water (30-50 ml), 5 m1 of LO vol. HsO, and 2 ml of a strong eolotion of NaOH wera then 
addod. Tbo beakar was covercd wrth a watch glnss and the mfxturo tolled untfl the small of pyrldinc 
hnd cllsappearcd. ION HCI was added drop by drop until the prcclpltntc had just dissolved and the 
solution, after coohng, wea transforrcd quantitatively to a conical flask. Four tfmes its volume of 
dietlllod water was addod, followed by an excess of potassium iodide. ce ljberatad I, was titrated 
with’ N/,,, Nn,S,Or, using starch as indrcator. A mean value of i&30/6 Cu was obtained.lThe mcthcxl 
WM chsckod using cupric axinaton l?oundCu: xt3.a tid xB.ar’Calc. for Cul~I&ONL:‘Cu:’ 18.1. 
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N tinalys?s were done by the micro-method of Dumas. The N content varied according 
tb thd method by which the complex, was dried. 

At 6oT700inC0,, foundN: 7;s. At 40” in Cd,, found N: 7.9. At,qo”,in pyridine-saturated 
CO,, fqpd N: 8.3. Thus it seemed that some N, (presumably as pyridine), was lost during 
the drying process. A check analysis on cupric oxinate gaveN:8.r. Calc. forCu’(C,H,ON),: 
N, 8.0. 

The complete composition of the somewhat unstable cuprous complex was: 
Cu: .x6.3, C: 59.6; H: 3.9, N: 8.3. (CuC,H,ONC,H,ON)&BH,N (cf; Ag+ compoundb) 
requires Cu: 16.2, C: 57.0, H: 3.6, N: 8.9, and this is suggested by the author as a pOs-. 
sible formula for the complex. 
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SUMMARY 

Chromatographicscpsrations upon paper stripe arc &scribed for Mn+zand Mn+*, Mn+3 and MnvII, 
andCu+andCu+s.Thclastseparationwnsperformcdin anatmosphereofCO,toprevcnt theoxidation 
of Cu-C. AIL unstable cuprous-8-hydroxyquinoline complex was prepared from cuprous chloride and 
oxinc in pyridine medium. Analysis of thocomploxsuggested thccomposition (CuC,I-f,ON,C,H,ON),. 
C,N,N. 

Rl?SUMti: 

Des s6parations chromatographiques sur bandcs dc papicr sont d6critos pour Mn+s etMn*3, Mn+a 
ct MnvlI, Cu+ ct Cu+l. Cctte dernii3ro separation a 6t6 cffcctu6e dans une atmosph&rc d’anhydride 
carbonique pour empbcher l’oxydation do Cu +. Un comploxc instable Cu(I)-84rydroxyquinoWno 
a Btb prdpar6 tr partir de chlorure dc’cuivre(1) et d’oxinc, ,dans la pyridino. L’analyse de cc comploxe 
donnc la composition suivanto (CuC,H,ONC,H,ON),42,H,N. 

ZUSAMMENPASSUNG 

‘. Die Trennung, durch Chromatographie auf .Papiorstreifcn, von Mn+S und M&s, Mn+a und Mnvll 
und von Cu+ und Cu+s wurde bcschricben. Die letzterc Trcnnung wurde in Kohlendioxyd-Atmos 
phitro auigorGllrt urn Oxvdation dee Cu* zu vcrhindarn. Ein unbcstPndigcr Cupro-8-Hydroxychia 
nolin-Komplex wurdc aus Kuplcr~l)-chlorld untl Oxin in Pyridin.hergestelIt. Die-Analyst diose! 
Ko_mplexes 11~3s auf d~c folgendc Zusnmmonsctzung schKesson: (CuC,H,0N~CsH,0N),~~sH6N. 
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