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3-OXIMINOMETHYLSALICYLIC ACID AS AN ANALYTICAL REAGENT.
PART I. GRAVIMETRIC ESTIMATION OF COFPER AND NICKEL

By Asit KuMAR RAY AND PRIVADARANJAN RAv*

The reactions of 3-aximinymethylsalicylic acid with metallic ions have bzen fally investigated
It has bsen found that this reagent behaves very much like salicylaldoxime with respect to
colonr, solubility, etc. of its metallic derivatives ; bat the pH values of incipient precipitation
of the m:tillic i)ns are somewhat different from those found with salicylaldoxime. Like sali-
cylaldicime this reagent hss also been found to produce an orange-yellow precipilat: with
titanium in acid solation, thongh Flagg and Farman (/ad. Eng. Chem., Anal. Ed, 1942, 1%, 529,
653) did mot notice this characteristic reaction of selicylaldoxime.

Femtand Uvr yjeld soluble colonred complexes in acid and alkaline medinm respectivels. The
use of 3-oximinomethylsalicylic aeid as a reagent for the gravimetric estimitimn of copper and
nicksl, which furnish precipitates of cimpoasition M(CyHO,N)y (M=Cu™ or Niu), after drring at
r10°, has been d:scribed. Copper can be effectively separated from Hg®, Pbu Alw, Cdre, Zaw,
Mnu and Co® by precipitating it with an excess of 3-oximinamethylsalicylic acid at pH 2.5t0 3.0 ;
while for its separation from Fe™:, Sbut and Binr, the precipitalion had to be carried ont in the
presence of sudicient tartaric acid at .pH 2.5 to 3.0- Delerminatisn of copper has als) been made
fromm solutioas coalaining arsenite, arsezate, vanadate and phosphate at pH 2 5to 3.0. Nickel has
221 estimata] gravim:trically with this reagant at a coatrolled pH (5.6-6.0)

The reactions of 3-oximinom:athylsalicylic acid with various metallic ions have
been fully investigated in am effort to find out the passibility of using this snbstance
as sn apalytical reagent. 3-Oximinomethylsalicylic acid, like salicylhydroxamic acid,
salicylaldoxime, salicylamidoxime and oriko-hydroxyacetophenone oxims, contains the

%OLI'PEI' specific group, —(I:=(i"-—C'=NOH. as is evident from their structares shown
elow: )
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Salicylaldoxime was first employed by Ephraim (Ber., 1930, 63, 1928 ; 1931,
8%, 1210} for the detection and gravimetric determination of copper. Later on Flagg
and Furman (loc, cit.) studied the reactions of this reagent, asalsu of its §-chloro,
3:5 dibromo and gs-nitro ddrivatives, with various metallic ious. - Sirice then several
reports have appeared on the uce of calicylaldoxime for the separation and deter-
mination of melals,

The anaiytical reactions and applications of salicylhydroxarmic acid (Bhaduri and
Ray, Scien:e & Culiure, 1952, 18, 97'; Z. anal. Chem., 1957, 158, r103), salicyl-
amidoxime (Bandyop'adhayay and Ray, this Journal, 1956, 33, 65s), resacétoplienone
oxime (Ncelakantan, Curr. Sci., 1045, 14, 320) and of o-hydroxyacetophenone oxime
{Poddar, Z. anal. Chem., 1057, 28%, 327) for the estimation of copper and nickel
nave only been recently studied. It might thurefore be of interest to investigate
the reactions of 3-oximiniomathylsalicylic acid as well, as it is closely related fo
them. It may be regarded as derived from silicylaldoxime by the replacement of
a H atom of its benzene nucleus, in the orlho position to hydroxyl, by a carboxy!
group, The rosult of this investigation will naturally chow the influsuce of slich a
substitution in the benzene ring of the salicylaldokime mclecule. It was further ex-
pected that the presence of three fuoctional groups in the molecule of 3-oximinomethyl-
salicylic acid in positions favourable for chelation might also offer some practical .
advantage over the other reagents of the group.

An account of the general reactions of j3.oximinomethylsalicylic acid with
_various metallic ions is recorded in the following ssction. Wkhen compared with the
reactions of salicylaldoxims (cf- Flagg and -Fur nan, lec. cil.), it will bz found- that
the 3-oximinomethylsalicylic acid resembles salicylaldoxime, in its general behaviour,
with respect to colonr, solubility, etc. of its metalli: derivatives, but the pH values of
incipient precipitation of metals with th's reagent - are’ somewhat lower. Although
I‘lagg and Furman (loc. cit.) do not rep rt any reaction of titanium {IV) with salcyl-
aldoxime, it las beem found, however, that salicylaldoxime (Banerjea, Z.
anal. Chem., 1057, 189, 123), silicylunidoxi:u: (Bandyopalhayay and Riy, loc. cil.),
o-hydroxyacetophenone oxime (Poldar, foc. cil.), salicylhydroxamic acid (Xavier,
Ch1rléé$urtty .and Ruy, Science & Culture, 1951, 20, 146! and 3-oximinomethy salicylic
acid, all form yeilow coloured precipitates with Ti'™ in acid solution. Thess are
insoluble in chlorofo.t and amyl’ alcchol.

3-Oximino:nethylsalicylic acid is -eonsiderably m:re stable than salicylaldoxime
and consequently. precupntatlous of métatlic ions by this reagent can be carried out in
hot solutions, and the precipitates safely washed with hot water. It is also highly
soluble in caustip alkalies due to salt formation. The aqueons solution of the
reagent as well as that of its alkali salts ke2ps qiiite wel, at'least for saveral weeks at
room tgmpera‘:ure.

Cu"™ asd Ni¥ conpounds-of j-ogiminomathylsalicylic acid were prepared as usual
by precipitation and dried at rro®; their comp:sition corresponds to (C,H,0O.N),M
(where M=Cu" or NiY). From the kno>wn coonstitution of the metal salicylaldoxime
compounds - (Felgl and Boudi,  fer., 1031, 68, 2814; Cox et al, J. Chem. Soc,
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1935, 389, 1475) and from the similarity in properties of the meta! complexes of
these two reagents, the 3-oximino.nethylsalicylic acid metal comnplexes may be

represented by the following structure :
H
COOH ]

l o \H(;‘,N =aNA

et oA
N N\c=Nor 97 |
o COOH

The copper and mickel coniplexes are readily soluble in caustic alkalj and
ammoniacal solutions. The solubility of these compounds may be due to salt formation
cither by the free cartoxyl group and/or by the =NOH group as in the case of
salicylaldoxime coinplexes (cf. Felgl and Suter, J. Chem. Soc., 1048, 378 ; Thilo
and Friedrich, Ber., 1929, 62, 2098},

UY' produces ycllow to orange-red colour with excess of this reagent in alkaline
sulutions. Fe'™ develops a violet coloration in acid and a yeliow coloration in alkaline
medium. These colour reactions have been utilised for their spectrophptometric
estimation. .

EXPERIMENTAL

3-Oximinoniethylsalicylic acid (Fuith, Ber., 1883, 16, 2182) was prepared from
3-aldehiydosalicylic acid. The latter was prepared from salicylic acid and hexameéthylene-
tetramine, as described by Duff and Bilis (J. Chem. Soc., 1932, 1987).

Preparation. of 3-Aldehydosalicylic Acid.—5 licylic acid fz0 g.), hexamethylene-
letramnine {27 g.) and water (goo c.c.] were boiled under reflux for 16 hours; the
c oled solution was acidified with 4N-HCl (300 c.c.) and the yellow precipitate dried
in air. ‘This was extracted with four lots of benzene {100 c.c.) at 70°. The insoluble
portion, when recrysiallised from- boiling water and decolorised with charcoal, yielded
the s5-aldehydosalicyiic acid. The benzene solution was evaporated and the residue
just dissolved in 3N aminonia (zo0 c.c.).- The solution was then treated with barium
chlcride (100 c.c., 10% solution) and 2N-NaOH (50c.c.) at so0°, After 2 hours, the
yellow precipitate of lLarium 3-aldehydosalicylate was collected and decomposed in
the cold with HCI (¢il., 1:4). The 3-aldehydcsalicylic acid, thus liberated, was washed
with cold water and then recrystallised from bo:lmg water in the presence of i u‘on-
free charcoal, m.p. 179" (lit. 179°). The identity of 3a1dehydosahcyhc acid was
confirmed by the aldehyde reactions and by its melting point, as well as by that-of its
phenylhydrazone, m.p. 188° (lit. 188°), :

Preparation of 3-Oximinomethylsalicylic Acid.—A mixture of 3-aldebydosalicylic
acid (1 M), hydroxylamine hydrochleride (1 M) and NaOH (1.5 M) in water (100 c.c.)
was slightly warmed at 40° for 24 hours. The clear solution was then cooled and
acidified with cold dilute sulphuric acid (r:4 by vol.}, when 3-oximinomethylsalicylic
acid seporated in the form of colorless cryslals, This. was washed with cold water
and recrystallised from warm water containing some iron-free charcoal. The_product
was dried in air ; m.p. 193° (lit. 193°).
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The acid is soluble in alcohol, ether, benzene, chloroforin, ~tc. It is also fairly
soluble in cold and highly soluble in hot water. In aqueous solution it remains
unchanged even on boiling.

Determination of the pH limits for the Precipitaiion of Melal:.—The pH values for
the incipient and complete precipitation of metals by this reagent were de‘erminel
by gradually acding a standard solntion of alkali (~ 1 N-NaOH) wi'h stirring te
z00c.c. of a 0.00IN solution of the metal, acidified strongly with a mineral acid
and conlaining an excess {25%) of 3-oximinomethylsalicylic acid till a turbidity just
appeared. The pH of the solution at this point, as determinad by a Cadbridge
Bench Type pH meter, indicated the pH va'ue for the incipient precipitation of the
metal under the prescribed conditions. ‘The dropwise addition of alkali was continugd
and the pH of the solution measured after zach addition till the filtrate of an
aliquot of the so'ution under titration, removed at intervals, gave no test for the
metal fon with suitable sentitive reagent. Copper-was tested for by rubeanic acid,
nickel and palladium by dimethylglyoxime, uran’'um by potascinm ferrocyanide, ete.
The lowest pH value for the filtrate, giving no test for the metal concerned,
represented the lowermost pH-limit of co'nplete precipitation for th= matal wunder
the conditicus stated. Table I records thes: pH limits as w2!l as the general reac-
tions of 3-oximinomethylsalicylic acid with various metallic ions.

Capper-3-oximinomethylsalicylic Acid.—A warm solution of copper chloride (G.R.),
acidified with BCI (G.R.), was treated with a little over twize the molar proportion
of the pure 3-oximinomethylsalicylic acid, dissolved in water containing a few c.o.
of absolute alcohol, and to this mixture dilu‘e alkali was gradually add=d to adjust the
T value of the solution to about 2.5to 3.0 (tested with B.D.H. indicator paper).
The mixture was set aside on the water-bath for about 10 minuates, after which a light
yelicwish green precipitate of the copper compound was filtered. The precipitate
was then thoroughly washed with hot water, first bv decantation, then on the
filter-bed till free of the reagen* (tested with ferric ch'oride For violet coloration} and
finally dried to 2 constant weight at 110°. [Found: N, 663; Cu, 15.07. Cal.
for Cu(C,H,O\N),: N, 6.61;Cu, 15.01%].

The copper compound is insoluble in water, but soluble in strong acids, caustic
alkalies and in ammonia. Tt is ipsoluble in organic solvents. The substance is some-
what soluble in hot concentrated soluiion of sodinm acetate and of ammonium chloride.

Nickel (11)-3-oximinomethylsalicylic Aecid.—A warm acidifiel solution of nickel
chlcride (G.R.) was treated with a little more ihan twice its molar proportion of the
pure 3-oximinomethylsalicylic acid, dissolved in aqueous alcohol, and to this-
mixture dilute ammonia was added dropwise to adjust the pH of the solution near
about 6.0 (tested by B.D.H. indicator paper). ‘The mixture was kept on the water-bath
for about ro to 15 minutes and then the precipitated nickel cumpound was filtered, washed
thoroughly with hot water conteining a little alrohol,.and finally dried for one hour
to'a constanl weight at 110°. [Found: N, 5.38; Ni, r14.02. Calc. for Ni(C,H,O.N),:
N, 5.31; Ni, 14.03%]. '
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TarLe 1

Reaclions of 3-oximinomelhylsalicylic acid wilh melallic ions.

Naiure of
reaction.

Pale yellow
precipitation in
neuntral solution.

Pale vellow ppt

White ppt.

Light rellowish
green ppt.

Light green ppt.

Light yellow ppt.

Violet colour below pH
2.9;orenge-red at pPH .06 to
6.72 ; yellow at pH 7 to 10.12-

Yellowish while ppt.
White ppt.

Deep brown coloured ppt.
in conc. soln.

Brown ppt

Orange red,soln. al pH 6.7;
deep orange-yellow soln.at
$#H 7.5 to 11.

Pale yellow ppt.

Faint yellow colonz in
strong sulphuric acid; decp
vellow ppt. at pH 2.0.

Dirty green ppt. in ronc.
vanadate soln: at pH 1 tu 2

Faint yellow coloar in acid
soln.

Pale yeliow ppt.

White ppt.

PH of incipient pptn. in 0.cor
soln. of the metallic ion.

65

6.0

57

73
6.8

6.9

8.5

2.5

2.5

Remarks.

Soluble in ammonia and aretic aeid ;
decomposed by alka!l on warming.

Soluble in ammonia and alkali, insoluble
in hot water.

Solpble in ammonia, but slowly decom-
posed on warming

Soluble in strong alkali and ammonia,
but onaffected by boiling water. Preci-
pitation romplete between $H 2.1 and
6.0 even in presencc of alkali acetetes,
tartrates and ammonium chloride with
an excess of the regent.

Soluble in NaQH and ammocia solns. ;
also slightly soluble in strong soln. of
ammoninm chloride. Precipitation com-
plete between pH 5.7 and 6.5.

Soluble in NaOH <oln. Precipitation is
quantitative in faintly acid soln.

Discharged by F~, PO and ;07

Suluble in ammenia.
Soluble in amnrenia or NaOH solution.

Soluble iu caustic aikalies and smmonia.

Soluble in alkali or amnmonia solotions.

Not extractable with chloroform and
amxl1' alcohol.

Soluble int ammonia or alkali.

Insoluble in amyi® alcohol but decompos-
ed by alkalies.

Tusoluble in amyi‘ a!cohol.

Discharged by alkili and by an excess
of acid.

Precipilﬁtion complete at pH 4 to 5.

Precipifation complete at $H 4 to 3.
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The substance is insoluble in water, but soluble in acids, alkalies and aminonia.

From an examination of the various reactions of 2-oximinomethylsalicylic acid with
different metal ious, it was observed that copper and nickel could be quantitatively
precipitated at pH 2.5to 1.0 and 5.6to 6.0 respectively. The pH values of incipient
precipitatiop of some of the inetals by this reagent are also widely different. It was
therefore expected that this reagent would prove uscful for the gravimetric estimations
of copper and nickel, and for the separation of copper from nickel and manoy other
metals,

Copper was separated from Hg", Pb”, Cd", Za", Ni", Mn", Co"™ and AI'"™ by a
simple pH control, using this reagent. Separalion of copper from Sb'™, Bi" and Fe"! was
eflected in the presence of sufficient tartaric acid as a masking agent. Deterinination
of copper from solutions containing arsenite, arsenate, vanadate, molybdate and phos-
phate was also carried out at pH 2.5 to 6.0  Nickel was precipitated at pH 5.6 to 6.0.

Estimalion of Copper

A stock solution of copper chloride was prepared by dissolving a defnite weight
of metallic copper (G.R.) in HNO,; (G.R.) and evaporating the solution repeatedly with
HCI to remove nitrous fumes. The solution was then diluted to a definite volume with
distilled water and its sirength was further determined gravimetrically with salicylal-
doxime.

A definite volume of the standard copper solution was just neutralised with pure
ainmonia, acidified to remove the turbidity and then diluted approximately to 150 c.c.
The solution was then warmed on the water-bath and afterwards treated with an excess
of the reagent (10 c.c. of 1% solution in warm water for every § mg. copper present).
Copper was then precipitated and washed as described for the preparation of the copper
compound. [t was filtered through an asbestcs Goocli and dried at 1x0°.

The factor for copper is 0.1501. The results are recorded in Table II.

TapLE II

T'otal volume of solution =200 c.c. Drying temp.=110". Factor - 0.1501.

Copper present. Cu-precipitate. Cu found. Error.
001301 8 0.08650 g. ©.01298 g. -~ 0.03 Lug.
0.01561 0.10440 0.01567 + o0.06
0.02615 ©.17425 0.02614 - 0.0
0.03916 o.26071 ©-03913 — 0.03.
0.05211 '0.34760 o 05218 +oor
0.065:8 0.43222 0.06518 + o.00
0.07819 ©.52040 c.07812 - 0.07
0.09120 0.50751 0.09126 + 0.06
©.10421 0.6g9460 0.10420 — o0.01

Separation of Copper (IT) from various Calions and Apions.—Solutions of copper
salt and those of other catious or anions of known strength were mixed together in
different proportions, and each of the mixtures was treated exactly in the ‘szme mmanper
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In the separution of copper

from lead, standard solutions of the nitrate of the metals were used and their pH walues
In presence of Fe™, Sb™ and
Some typical results ont

were adjusted with nitric acid or caustic soda solution.

Bi'", 3-3 g. of tartaric acid was added as a masking agent.
of many are shown in Table III.

Cu estimated

13—91 mg.

39—9g1

13—65

13-65

26—65

13—~78

13—52

1365

26-352

18—-94

13

52

13—26

13—26

Wt. ratioCa/Zn 8.09
%Error +o.01
Wt. ratio Cu/Cd 540

9%Frror +o0.09
Wt. ratio Cu/Co 118

%Error +0.03
Wt ratio Ca/Mo  6.48
% Error +o.05
Wt. ratio Co/Pb  6.15

%Error —0.07
Wt. ratio Cu/Hg  6.23

% Error +0.06
Wt. ratio Cn/3b  2.88
%Error +0.61
Wt. ratio Cu/Bi  6.00

9% Error +0.06
Wt. ratio Ca/al  1.39
%Error —0.1§
Wt. ratio CofFe  5.35
%Error —0.15
Wt. ratio Cu/Ni  4.33

%RBrror +o0.05.
Wt. ratio .35

CaofAsmt

9%Error —0.23

Wt. ratio Cu/Mo o0.g6
% Error 0.0

Wt. ratioCa/V 5.0

%Error +0.08
Wt. ratio 0.56
Cu/HsPO,

%Rrror +0.08

—0.23

TasLe III
4.61 2.3
—0.02 *—0.04
1-64
—~0.09
0.95
+o0.62
1.04
+0.06
2.29
+o0.035
1.50
+0.025
0.87
—0.07
1.20
—0.04
0.37
—0.08
2.68 1-32
—0.025 +0.03
3-23 1.08
to.0 +0.28
0.63
—o0.23
0.48
—0.20
1.86
=0.18
0.28

1.15

-0.08

0.85 0.23

+0.11 =o0.31

0.1
-0.04

1.03

-0.14 -0.02 to —0.10

0.54
—0.073

0.215
+o0.27

0.17

—o.15
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Estimaiion of Nickel

A definife volume of a standard sotution of nickel was just neutralised with sodium
carbonate Solution and the turbidity removed with HCl (dil.). The solation was
then diluted to about 150 c.c., warmed on the water-bath, and treated with an excess
of the reagent solution. ‘The pH of the solution was adjusted to 5.6 to 6.0 (tested with
B.D.H. indicator paper) by adding dilute hydrochloric acid or alkali solution as meces-
sary, The precipitate was filtered, dried and weighed as in the case of copper. The
results are recorded in "I'able IV,

TasLg IV
Total volume of solution = 200 c.c. Drying temp. = 110°. Factor = 0.1403.
Ni prescn?. Ni precipitate. Ni found. Rrror.
0.01716 0 12205 €. 0.01712 €. ~=0.04
005720 o.qo780 0.05718 —0.02
0.08580 o.6120r1 0,08578 —-0.02
0.1026 0.733835 0.10201 —0.05
0,13728 0.97860 0.13720 —o0.08

DiscuvssrIionN

The teactions of 3-oziminomethylsalicylic acid are comparable to those of
salicylaldoxime, bnt the pH wvalues for the incipient precipitation of the metals by
the former are somewhat lower. This suggests (of. Irving and Williams, Nalure, 1948,
162, 746 ; Martell and Calvin, “‘Chemist1y of the Metal Chelate Comgpounds’’, p. 170,
Picotice Hall Inc., 1952) that the 3-oximinomethyl complexes are somewhat more stabie
than the corresponding aldoxime or amidoxime complexes. The resulis of this investi-
gation naturally show the influence of a carboxyl substituent in the benzene ring of
the salicylaldoxiine molecule.

The pH’s of incipient precipitation, in equimolecular solutions, of copper and nickel
ere widely different. Furthenore, zin¢ and cadmium do not form any definite
compound with the 3 oximinomethylsalicylic acid, and their precipitation is prevented
altogether in the presence of ammonium chloride. These facts are indicative of a greatet.
selectivity of 3-oximinomethylsalicylic acid than that of salicylaldoxime,
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