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COPPER SALICYLALDOXIME AND ITS USE IN THE HETEROMETRIC 
MICRODETERMINATION OF COPPER IN THE PRESENCE OF 

FOREIGN METALS 

ISTHODUCTION 

The chemical behaviour of some metals towards salicylaldoxime has already been 
studied. l’hc pavimctric separation and determination of copper, zinc or lead has 
been the subject of many investigations I. Our aim was to study the hctevotr~~ric 
determination of metals with salicylalclosimc. It appears to us that the hctcromctric 
bchaviour of salicylaldosinlatcs at different 1111’s may contribute to our knowlcdgc 
of the chemical structure and composition of many compounds of which littic is yet 
known. This is the first report on salicylalclosimc and it deals with the clctcrmination 
of col~lxx. 

Although the hctcrometric dctcrminntion of copper with osinc is more scnsitivc 
and more accurate, ncvcrthcless, as the following material shows, o~tc mg of copper 
in ro ml solution may Ix clctcrmincd with an error of o-37;. The analysccl solution 
may contain ct gg:& hivalcnt or ‘L goo/, trivalent foreign metals. The titration 
takes ro-20 minutes. 

‘I’tw wmc appa~ ;~Cur .tnct mctti xl were USL’~ ah in t>rcvioutc ret> )rts g. Iii actttition tlic ht~roinctcr 
was provhxl with il ttlcrmost;~t which m~iintaincd the tcmlxraturc of ttic tltrdtctl solution at 
20 ‘C ( -t 0. I “). (I I xvcvcr. wc found ttixt ttic same axuracp \v,19 Ot>tilillWt wilh:,ut Ihc* usr* I 1lW 
tliermost;~t.) In all titrations with copper ;L btuc flttcr was used. <;cncratty no other flltcr?r wcrc 
usccl cvc*n in the prcscnce of colourcd s:)lutlons. It was nssumctt that the ccdourctl forci~n salts 
do not participate In the rcnction. Only in the prcscncc of Iron (cspr. q-27) a deep red fitter wih 
used and in the prcscncc of chromium (csps. 20-z .j) a q2xn filter Was ~setl. 

The s3tution was stirred vigx-ously during the titration ant1 ttic rcattiri~:a on ttic gatvanomctcr 
were taken only when thy becnmc constant. The chemicals used wcrc clthcr analyttcat reagents 
or ctlcmlcatty pure. The ~al~cylatcloxin~c WZLS a Kodak rca~cnt which was tti~solvctl in a few ml 
nlcol~ol nntt thc:n ttit~~lccl with ttistillcd water. 

pIr-titrations were made in order to study the pII-conditions necessary for carrying 
out heteromctric titrations. Two different buffer mixtures were used (exps. x and 4) 
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and the results obtained can be taken from the curves. A J,lue filter (Fisher) was used 
in all the heterometric titrations. Analogous results were obtained using a green 
filter (Fisher). Whichever filter was used, some light was absorbed after the dissolution 
was completed. 

Since the p~i’s necessary for the dissolution of the precipitates may be different 
from the 1x1’s needed for precipitation, both cases were studied (Fig. I curves I and 2) 

separately. The 1~11’s for the blank hcterometric titrations arc shown in curves -3 and _j_ 
Analysing curve r, it is seen that the precipitate once obtained at 1ow:prr’s is comple- 
tely insoluble below 1111 ‘L 10.2. At higher p~r’s the precipitation redissolves. 

(Q.4:)‘ 
D 
70 - 

Fig. I. 
I. 3 ~l~lo.oogM CuSO, + 3 mlo.r~VCH,C00H -C 3 mlo.zN I-1,130, -t_ 5 ml o.ox:V snl~cylnldr~ximo 

+ C, ml I-I,0 -t_ x ml 0.4N NaOf-I 
‘1. 3 ml 0.005M CuSO, + 3 ml o.zN CI-I,COOI-I + 3 ml o.z~V I-1,130, -b 5 ml 0.01 Ms:~lic~laltloslri~c 

-l- 8 ml o.zN NaOW + I ml I-I,0 f s ml o.4N I-INO,. 
3. pir-titmtion curve of cxps. I ant1 2. 
4. 3 ml 0.005M CuSO, + I ml N I-1X0, -i_ I ml iV CIi,COOI-I -j- 2 ml M Ni-I,NO, -b .+ ml 

O.Ori%f saliCyk~~dcJXllIIC -+ 0 nll I-!,0 + x ml iv NaOI-1. 
5. pII-titr:ltiOn CllrVC Of CXp. .I. 131w filter. 

Curve 2 prcscnts the hetcromctric curve obtained when the titration was begun at a 
high prr.Thc initial precipitation occurs at pa ‘L ~0.7 and is complete at ~o.r:.The 
point at which dissolution begins coincides with the first point of complete prccipi- 
tation and is equal to 1111 ro.r-10.3. 13etwccn p&s ro-r~ the precipitation is in- 
complctc. It is interesting to compare these results with those obtained in tsp. 4. 
using NH,-NH,NO, as buffer (compare curves 4 and 5) from which it can be seen 
that the initial precipitation occurs at per r~ r.5 and is complete at PIE r~ 3.0. From 
tllis 1’~ till prr ‘L g._j the prccipitatc remains unchanged. At higher pH’S the prccipitatc 
is rcclissolvccl. l’hc diffcrcncc bctwccn the results of curves I and 4 may bc caused 
by intcrfcrencc of NH, in the high pfr-regions. The results with boric acid buffer arc 
more rcliablc. 

Sumrnarising, it may be said that a complete precipitation of CuK, occurs in the 
prr-region of 3-ro. 
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The effect of acidity on metat contfiZex binders 

A heterometric titration was carried out in the presence of sulfuric acid. In o.xJf 
solution no precipitate occurred. In o.orN solution (exp. ra.) a maximum density 
value was obtained which was similar to the value obtained in o.rJl acetic acid 
(exp. I). The point of initial precipitation was obtained in the presence of o.or.lf 

sulfuric acid only after the addition of more than 30% of titrant. In contrast to this, 
* precipitation occurred at once in acetic acid solution. In the sulfuric acid solution 

therefore the solubility of copper was much higher. In the presence of acetic acid 
we had the advantage of being able to use masking agents (exps. 5 and 6). In o.or:ll 
sulfuric acid solution copper oxinate is soluble to an extent of r~ o.5-ro’4mol per liter. 
The solubility in o.rM acetic acid solution was about ten times lower. As experiments 
4 and 7 show, buffered citrate or tartrate solutions could be used. Similar results 
wcrc obtained with citrate or tartratc in acetic acid solution (exps. 5 and 6). In the 
presence of ethylenediaminetetraacetate copper could not be precipitated whatever 
the prr. 

Detettnimztion in the presence of bivalott met& 
Experiments 8-15 of Table I and Pig. z (the same experimental numbers are used in both 

cases) show the results of such titrations. Except in the presence of barium, there was no difficulty 
in the determination of copper and the error was generally I-?~/~ or 1-2 y per ml. In the prcscnce 
of barium the end-plint of the titration was shiftccl and the error was high (exp. 9). The error 
could probably be climinatccl at lower barium concentrations. The titrations lasted 10-20 minutes. 

ml Salkylaldoxime O.OlM 

Pig. 2 

Deternci9mtion in the +resence of bivalent metals 
Clear end-points were obtainctl only in the presence of metal complex-binclcrs. The hi&cut 

concentration of foreign metal which could be present without interference was in the case of 
aluminium O.IN and In the case of chromium or iron o.05M. In the presence of aluminium 
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(exps. x6-x9) or chromium (exps, 20-23) either neutral or acid citrate or tartrate sslutions could be 
added. Citrate probably reduces the maximum density values. The titration time was increased 
in the presence of acetic acid aluminlum tartrate. In the presence of iron, better results were 
obtained if a red filter was used (cxps. q-27). The tartrate solutions gave no end-p3ints and 
therefore only citrate solutions could be used. The titration time was ~cnerally IS-zo minutes 
and the error was 0.3%. The concentration of copper amounted in afl cases to less than IO~/~. 
A factor wflich must be taken into consideration is tllc p>mt at which initial precipitation occurs, 
The m3rc titrant added before precipitation occurs, the m3rc soluble is the nnalysed compound 
apparently, and the more rcstrlctcd becomes the dctormination. From our results WC Jearncd 
tJmt in the presence of aluminium or chromium. tfle use of tartratc is generally to be preferred. 
On the other hand, the prtint of initial precipitation was close to the bejilnninff in titc presence 
of iron citrate (cxp~. 25 and 27). In tllc above experiments which were carried out either 1n ncutrat 
or acidic solutions, the compxition of the insoluble compound obtained \vilb Cull,. 

I _ The initial precipitation of cDppcr-snlicylnlclosimc occurs at ptt Q 1.5. Between 1~ I .s and 
3.0, the precipitation is incomplete. A complete precipitation occurs in the plr-rcKlon of s-10. 
13ctwccn prr IO. I and 10.7 ths prcclpltatc rctllus~lvcs At htgher 1’11’s a clear solution is obtained. 

2. Tlic s?lubility of copper saliCyl~ltloxin~iltc is nbDut ten tmies greater in o.or:‘li sulfuric 
aciri (-0.~ 10-O IIlOl) tfln%l it1 0.1111 iWctiC RCld, 

3. In 10 ml of o.rM acetic acid s3lutlun in the presence of 599 y& foreign biv4lent nirtals. 
one nifi coppcr could bc tlutcrmmcd Jiztcromctricirlly with nn error of r-z?{,. 

.I. In the Jlrcscncc of ‘L 9$0/h alurntn um or chromium, either citrntc or tilrtratc (o z;11) wcrc 
used as tn:4citq agents. In the presence of iron (q, 95%). clear end-p,ints wcrc obtnlncd only 
with cltnrto. One m# of copper coulcl be rJctcrmrnctJ with an error of 0-3~j4,. 

5_ Whichever 13Ir is used, c3ppcr is n3t prccllzitoted in the prcicncc of ctliylcnetli;tn~inctctrn- 
;1cct;1tc. 

l<l%Kallz 

I. J-1 prr%pitatiot: du cuivrc-snlicylntci~~xi~nc commcn~c au J~tt q, I 5 J:ntrt: Its ptr I 5 et 3.0, 
In pr&zipitation cbt incomplBte; cllc cst qunntitotivc clu l)rt 3 itI1 pfr ro. lSntre Its J>lr 10.x et ro.7 lc 
pr&zipitb se rcrlissout. Aux 1311 plus &lcv& on obtlcnt unc s-,luElon limpitle. 

2. I41 sllubilitd tlu clrivrc-salicylnltloxinlc cqt environ clix furls plus #X!ltlc t1im.r I’acitlc sulfuricJuc 
o.oriV (pb 0.5.10~*~12) <Jut dans l’acide ac&ticluc o.I~/. 

3. 13ans IO ml de solution rl’c~ciclc acfititliic 0. I itI, on pcut tlz3ser i ntg clr cuivrc par h&brom&ric 
avcc une crrcur de I-L”’ /o (en pr&encc tl’cnvrron 9#!.& de m&tails blvalcnts Itrangers. 

,). En prGscncc dc ‘L 95% cl’aluminium ou de chrome, s >it lu citrate, solt lc tilrtriltc pcut Otre 
utilisd commc njient dc mnrclun~e. Iin prbscncc clc fcr (s 0,5~!& on n’obticrit tlrs p.~ints rl’&lui- 
valence nets qu’avcc le citrate. I nq de cuivrc pcut ctrc d-jhc avcc unc erreur de o-3:;,. 

5. Lc cuivre nc pr6cipitc pas en pr&cnce cl‘~th~l3~lcd~~lt~lill~~~t~~~i~~~t~~~, quel quc soit fe plr. 

1. l>cr Bcfiinn clcr l%llung v.>n J;itpfcr-Salicylnlrl~~sirn geschieht bet JI~I% 1 5. IXc l+Xllung 
ist irn piI-Gcbiet I.+3.0 unvollstiin~fir. Sic ist volJstWdtc im Dir-C;cblct x-10. %wlscJacn WI 
IO. I-10.7 find& Auf&ting statt untf 1; hijhercm pEt-GdJic~ wir& cinc kli& l&~nff crhnJt&. 

L . Uic Ltijlichkcit von JCupfcr-Sial~cyl;~ltloxirn ist IO ma1 hOher tn o.or/V Schwcfelsirurc als 
in 0.1 Af l~ssi@iurc. 

3. I mg J<upfcr kann in Gcgcnwart van Q 99‘yo an Fremdmctallcq~ in eincr o. I ~11 cssigsirurcn 
LOsung mit cmem Zchlcr van I-Z’%, bcstrmmt wcrdcn. 

‘1. In Gc~cnwart von q, gs%, Aluminlum odcr Chrom wird Citrat odcr Tartrat zur $I:lsklcrung 
vcrwendet. In Gclfcnwart vim Eiscn (a 95:/o) wirtl tin klnrcr Endpunkt nur 111 Gcgcnwart van 
Cltritt crrcicht. 1 mg Kupfcr kann mit o-3<):, Fchlcr bcstimnit wcrtlcn. 

5. Die Ftillunji vsn Iiupfcr wird in Gcgcnwart van .&hylcndr;un~ntctruacctat vcrhintlcrt 
~~n~~i~l~~~i6i~ vom p,r. 
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