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

by
M. BOBTELSKY anp E. JUNGREIS

Department of Inovganic and Analytical Chemistey, Hebrew University, Jevusalem ([svael)

INTRODUCTION

The chemical behaviour of some metals towards salicylaldoxime has alrcady been
studied. The gravimetric separation and determination of copper, zinc or lead has
been the subject of many investigations!. Qur aim was to study the Aecterometric
determination of metals with salicylaldoxime. It appears to us that the heterometric
bechaviour of salicylaldoximates at different pit's may contribute to our knowledge
of the chemical structure and composition of many compounds of which little is yet
known. This is the first report on salicylaldoxime and it deals with the determination
of copper.

Although the heterometric determination of copper with oxine is more sensitive
and morce accurate, nevertheless, as the following material shows, one mg of copper
in o ml solution may be determined with an crror of 0-3%,. The analysed solution

may contain ~u 999, bivalent or ~ 909, trivalent forcign metals. The titration
takes 10-20 minutces.

EXPERIMENTAL

The same appatatus and methad were used as in previous reports?, In addition the heterometer
was provided with a thermostat which maintained the temperature of the titrated solution at
20 °C (- 0.1°). (I1Iwvever, we found that the same accuriacy was obtained without the use  f the
thermostat.) In all titrations with copper a blue filter was used. Generally no other filters were
usecd even in the presence of coloured solutions. It was assumed that the coloured foreign salts
do not participate in the reaction. Only in the prescence of iron (exps. 24-27) a deep red filter was
used and in the presence of chromium (exps. zo-23) a green filter was used.

The solution was stirred vigoirously during the titration and the readings on the galvanometer
were taken only when they became constant. The chemicals used were cither analytical reagents
or chemically pure. The salicylaldoxime was a Kodak reagent which was dissolved in a few ml
alcohol and then diluted with distilled water.

RESULTS
Heterometric pH-study

pli-titrations were made in order to study the pu-conditions necessary for carrying
out heterometric 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 blue 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 pH's nccessary for the dissolution of the precipitates may be different
from the pit’s needed for precipitation, both cases were studied (Fig. 1 curves 1 and 2)
scparately. The pit’s for the blank heterometric titrations are shown in curves 3 and 5.
Analysing curve 1, it is seen that the precipitate once obtained at low pit’s is comple-
tely insoluble below pH ~. 10.2. At higher pH’'s the precipitation redissolves.
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. Fig. 1.
t. 3mlo.cosM CuSO, 4+ 3mlo.2N CHLCOOH -+ 3mlo.2N H,BO, - 5 ml 0.011f salicylaldoxime
+ 6 ml H,O ++ ¥ ml o.4N NaOH

2. 3mlo.oo5M CuSOQO, 4 3mlo.2N CH;COOI + 3 mlo.2N H,BO,; + 5 ml o.ot M salicylaldoxime
-+ 8 ml 0.2N NaOH -+ 1 ml H,O + ¥ ml 0.4N HNO;.
3. pir-titration curve of exps. 1 and 2.

4. 3 ml o.0co5M CuSOq + 1 ml N HNO,; -+ 1 ml N CH,COOH +4 2 ml M NHNO, -+ 4 ml
o.otM salicylaldoxime -+ 9 ml F,0 4+ ¥ ml N NaOI.
5. pu-titration curve of exp. 4. Blue filter.

Curve 2 presents the heterometric curve obtained when the titration was begun at a
high pu. The initial precipitation occurs at pH " T0.7 and is complete at 10.x. The
point at which dissolution begins coincides with the first point of complete precipi-
tation and is equal to pi ro.r-10.3. Between pu’s ro-rr the precipitation is in-
complete. It is interesting to comparc these results with those obtained in exp. 4.
using NH3-NH;NO,; as buffer (compare curves 4 and 5) from which it can be scen
that the initial precipitation occurs at pu ~v 1.5 and is complete at pit ~. 3.0. From
this pr till pit ~v 9.5 the precipitate remains unchanged. At higher pH's the precipitate
is redissolved. The difference between the results of curves r and 4 may be caused
by interference of NHj in the high pH-regions. The results with boric acid buffer arc
more reliable.

Summarising, it may be said that a complete precipitation of CuR, occurs in the
pit-region of 3-10.
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The effect of acidity on metal complex binders

A heterometric titration was carried out in the presence of sulfuric acid. In 0.1/
solution no precipitate occurred. In o.o1dl solution (exp.ra.) a maximum density
value was obtained which was similar to the value obtained in 0.1 acetic acid
(exp. ). The point of initial precipitation was obtained in the presence of 0.01.3/
sulfuric acid only after the addition of more than 309, 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 0.01.)/
sulfuric acid solution copper oxinate is soluble to an extent of ~ 0.5-10"4mol per liter.
The solubility in 0.1 acetic acid solution was about ten times lower. As experiments
4 and 7 show, buffered citrate or tartrate solutions could be used. Similar results
were obtained with citrate or tartrate in acetic acid solution (exps. 5 and 6). In the
presence of ethylenediaminetetraacetate copper could not be precipitated whatever
the pi.

Determination in the presence of bivalent metals

Experiments 8-15 of Table I and Fig. 2 (the same experimental numbers are used in both
cases) show the results of such titrations. Exceptin the presence of barium, there was no difficulty
in the determination of copper and the error was generally 1-29, or 1-2 ¢ per ml. In the presence
of barium the end-p>int of the titration was shifted and the error was high (exp. 9). The error
could probably be eliminated at lower barium concentrations. The titrations lasted 10-2z0 minutes,
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Fig. 2

Determination in the presence of bivalent metals

Clcar end-points were obtained only in the presence of metal complex-binders. The highest
concentration of foreign metal which could be present without interference was in the case of
aluminium o.1Af and i1n the case of chromium or iron o0.053. In the presence of aluminium
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TABLE 1

GENERAL COMPOSITION: 5 ml CuSO, 0.003M + 5 ml supplements -+ x ml salicylaldox:me 0.01M.
Content: 0.9336 mg Cu (= 3 ml salicvlaldoxime) Filter: blue. Temp, = 20°C

o DBeginming M@ Approx. Error
manber Supplements cu apmins PR S e T ;
at ml value min ° L4 Vim
t 1 mlCHCOOH M + 4 ml H,0 100 0.1 o071 3o 15 00 0.0 0.0
1a 1, H,S0, + 4. HO 1.1 0.0 10
2 2, XNagtartrateM + 3., ., 100 o1 o088 3o 11 6o 00 00
3 2, NagcitrateM + 3. 100 o1 087 30 12 00 00 00
4 2, " + 1 ml HNQ; 0,50 ++ 2 ml H,0 1000 03 o1 307 17 2.3 22 2.2
5. 2, NagtartrateM+ 1, CH;COOHVM + 2, ,, 100 o1 088 297 12 —I10 953 1.0
6 2, NagcitrateM 4+ 1, " + 2, 1009 0.3 0635 =298 33 —o07 66 0.7
7 '2. NagqtartrateM+ 1, HNOpsM 43, 103 o.1 o7 2.96 13 —1.3 123 1.2
§ =2, MgSOoM + 1, CHCOOHM + 2, 20 o1 0.55 3.006 17 20 19 1.9
9: 2, BaCLM 4+, " 2. 036 03 073 33
10, 2, szo..t 41, " L2, 0.76 o2 0.75 2.496 20 —I1.3 12 1.2
it 2, MnCLM + 1, " + 2, ., 091 03 0.7 297 15 —I[.0 0.3 1.0
2 2, NiCLM 41, " -2, . 085 02 063 295 21 —1.7 16 1.6
13 2, Ce{NOQM +1, " o2, 08; 0.3 038 300 12 00 0.0 00
1y 2, 0dSO, M 41, - + 2, 045 0.3 0.75 300 15 20 19 1.9
15 2, Pb(NQLM 11, - - 2. . 024 035 065 303 21 1.7 10 1.6
16 1, AlCLVM 4+ 1, " + 2 ml Nag-tartrate M + 1 mi H,0 36 02 o031 303 30 10 95 1.0
17 1, " Lo . + 2, ., 06 0062 3.03 23 1.7 16 1.6
15 1, w035M + 1, " + 2, NagcitrateV + 1, 69 1.1 o046 302 17 07 66 0.7
19 1, w o 1, v + 2, " + 1, 1.1 0.36 302 17 07 646 0.7
20 1, Cr(NGy) . 42, " +2,. . % 37 10 035 307 16 2.3 22 2,2
2t 1, v + 2, Nagqtartrate M + 2, ,, * 1. 037 310 14 33 28 2.8
22 1, N T ” “— 2, " +1, , * 0.6 002 300 20 00 0. 0.0
23 1, L ” <+ 2, Nagcitrateld + 1, , * 1.8 036 300 19 00 00 0.0
24 1, FeCly ™ 4+ 2, Nagctartratedf = 2, , ** 33 03 o074 & 19
25 1, “w + 2, NagcitrateM + 2, , * 0.4 056 3.07 13 2.3 22 2.2
26 1, woom I " 4+ 2,, Na,tartrate M + 1, ,, ** 0 034 OO 21
27 1, N " + 2, Nagcitrate] 41, , ** 06 045 304 21 1.3 12 1.2
* green filter ** red Dilter
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{exps. 16-19) or chromium (exps. 20-23) either necutral 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 aluminium tartrate. In the presence of iron, better results were
obtained if a red filter was used (exps. 24-27). The tartrate solutions gave no end-points and
therefore only citrate solutions could be used. The titration time was generally 135-20 minutes
and the error was 0.39%,. The concentration of copper amosunted 1n all cases to less than 109,
A factor which must be taken into consideration is the p>int at which initial precipitation occurs.
The more titrant added before precipitation occurs, the more soluble is the analysed compound
apparently, and the more restricted becomes the determination. From our results we learned
that in the presence of aluminium or chromium, the use of tartrate is generally to be preferred.
On the other hand, the psint of initial precipitation was close to the beginning in the presence
of iron citrate (exps. 25 and 27). In the above experiments which were carried outeither 1n neutral
or acidic solutions, the compbssition of the insoluble compound obtained was CuR,.

SUMMARY

1. The initial precipitation of copper-salicylaldoxime occurs at piu~y 1.5. Between pi 1.5 and
3.0, the precipitation is incomplete. A complete precipitation occurs in the pu-region of 3-10,
Between pit ro.1 and r10.7 the precipitate redissslves At higher pit’s a clear solution is obtained,

2. The s»lubility of copper salicylaldoximate is about ten times greater in o.01Af sulfuric
acid {(™Lo.5-10°% mol) than in o.1 M acetic acid.

3. In 10 ml of o.1M acetic acid solution in the presence of N, 9994 foreign bivalent metals,
one mg copper could be determined h:terometrically with an error of r1-29,.

4. Inthe presence of N, 95%, alumin um or chromium, cither citrate or tartrate (o 2.) were
used as masking agents. In the presence of iron (™, 95%), clear end-psints were obtained only
with citrate, One myg of copper could be deternuned with an error of 039,

5. Whichever pit 1s used, copper is nst precipitated in the presence of ethylenediaminetetra-
accetate.

RESUME

1. L précipitation du cuivre-salicylaldoxime commence au pu~u 1 5 Entreles pit t 5 ¢t 3.0,
la précipitation est incompléte; elle est quantitative du pu 3 au pu o, Entre les pi 10.1 ¢t 10.7 le
précipité se redissout. Aux pu plus ¢levés on obtient une solution limpide.

2. Las»lubilité du cuivre-salicylaldoxime cqt environ dix fass plus grande dans "acide sulfurique
0.01 M (~, 0.510™1]1) que dans l'acide acétique 0.1/,

3- Dans 1o ml de solution d acide acétique 0.1, on peut doser 1 my de cuivre par hétérométrie
avec une erreur de 1-27, (en présence d'environ gy, de mdétaux bivalents étrangers.,

4- lin présence de mL 959 d'aluminium ou de chrome, s1t le citrate, soit le tartrate peut étre
utilisé comme agent de masquage. En présence de fer (ML 959,) on n'obtient des points d’¢équi-
valence nets qu’avec le citrate. 1 myg de cuivre peut étre doase avee une erreur de 0-39¢,.

5. Le¢ cuivre ne précipite pas en présence d'éthylénediaminotétraacétate, quel que soit le pin

ZUSAMMENFASSUNG

1. Der Beginn der Fillung von Kupfer-Salicylaldoxim geschicht ber pu, 1 5. Die Fillung
ist im pu-Gebiet 1.5-3.0 unvellstindig. Sie ist vollstindig im pu-Gebiet 3-10. Zwischen pin
10.1-10.7 findet Auflésung statt und in hoherem pr-Gebiet wird eine klare Losung erhalten,

2. Die Loslichkeit von Kupfer-Salicylaldoxim ist 10 mal hoher 1in 0,017 Schwefelsiure als
in 0.1 Essigsiiure.

3. 1 mg Kupfer kannin Gegenwart von . 999, an Fremdmetallen in ciner 0.1/ essigsauren
Losung mit einem Fehler von 1-2%, bestimmt werden,

4. 1In Gegenwart vonm\, 95%, Aluminium eder Chrom wird Citrat oder Tartrat zur Maskierung
verwendet. In Gegenwart von Eisen (L 95%,) wird cin klarer Endpunkt nur in Gegenwart von
Citrat erreicht. r mg Kupfer kann mit 0-39;, Fehler bestimmt werden.

5. Die Fallung von Kupfer wird in Gegenwart von Athylendianmuntetraacetat verhindert
unabhidngig vom pu.
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