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SALlCYLA:M:IDOXIM!:t AS AN ANALYTICAt REAGEN1.'. PAR'r It. 
GRAVIMETRrC ESTIMATION OF COPPER AND NICKEL AND 

THEIR SEPARATION FROM OTHER METALS 

BY DB:BABRATA BANDYOI'ADIIAYAY /LND PRIYADARANJAN Rlty 

'l'he use of salicylan1idoxin1e ae a reagent for the gra"imetric estimation of copper and nickel 
by weighing the precipitates of comp(1!;ition M(C'rH?O:!N,lr. where III=Cu or N'i, after drying .nt uo", 
is described. Copper can be eUectively Reparated from mercury", lead, ()admium, zinc, mo.nganesexi 
and cobalt.' by precipitating the copper with an excess of the amWloxime at a Pa of 4-D-4-5; while 
for the separation from iroum, •antimonym and bismuth"', the precipitation should be carded out 
in presence of snffi.cient tarta.ric acid at a f'n of 4-0-4·5· Nickd can similarly be separated from 
:tine qnantitatlvely hy precipitation with the reagent at a controll~d f>r< (7.o-7.5l in the presence of 
some ammonium chloride to prevent the precipitation of the latter element. Determinations of rnpper 
and nickel in mixed solutiovs have ~een carried out by precipitating copper in an acetate-buffer of 

f'n near Jlbout 4; in the filtrates nickel was precipitated by adding more of the reagent and then 
ammonia to adjust the Pn of the solution~ "l·{J-7·5· 

The precipitation reactions of salicylamidoxime with metallic ions have been 
described in a previous communication (d. Part I, this issue, :u). It has 
been stated there that copper and nickel are quantitatively precipitated from o.oorM 
solutio'.2s of the metals at Pu 3 .g-6.5 and al 6.s-8.o respectively for the two elements. 
These precipitates after drying at no0 have the composition given by M(C7H 70sN 0 ) 2 , 

where M=Cu or Ni. Furthermore, the Pn valtll!s of iucipient precipitation of some 
metals in equivalent solutions by salicylamidoxime differ widely. From a consider
ation of all these facts salicylamidoxime might be ·expected to furnish suitable methods 
for the gravirn10:tric determinations of copper and nickel as also for their" separation 
from one another and from other metals. In this respect the amidoxime lJQs several 
advantages over the aldoxime, which behaves analogously (cf. Welcher, "Organic 
Analytical Reagents", Vol. Ill, pp. 259-27r, D. Van Nostrand Co., Inc., f947). 
In fact, in contrast to salicylaldoxime, salicylamidoxime is rather stable, and-conse· 
quently precipitations of metallic . ions ··by this reagent can be carried out in hot 
solutions, ·and the precipitates can safely. be washed with hot water, in which the 
reagent is :fairly 'soluble. These are some of the factors that minimise entrainment 
of the precipitates with impurities. Moreover, the reagent is readily soluble in 
dilute acids and alkalies, and the acid solutions keep quite well, at least for several 
weeks at room temperature, in wl1ich it has been ordinanly used, althongh a solution 
in hot water · il:l a good substitute. The reagent can fie ·easily prepared in a pure 
state. as described in the previous communication (loc. cit.). Actual detet·minatioris 
with varying amoun• of COf'p>er (6 to 100 mg.) and of nickel (6 to 77 mg.) by· precipita
tion with an e.;cess of salicylamidoxime at a Pa of 4.0-4.5 for copper· ansi 1-C!.-7·5 for
nickel "have yielded excellent results (cf. Tabl;s 1 and Vll respectively). 

As the Po litnits for the precipitation of copper and nickel differ . rather
widely, a s"imple precipitation at n controlled Pa might be expected to effect their 
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separation. But actual exf»erimental results showed Lhat even at a p.,_ as low as 4 Lhe 
copper precipitate, obtained in a mixture of copper and nickel, was sufficiently eutrained 
with the latter. Precipitation in the presence of sufficient ammonium chloride ;lso, 
proved o£ little use in preventing the adsorption of nickeL This co-precipit~tion of 
an unusual type is possibly due to a similarity in the crystal structures of the 
compounds of th6 two metals in question. 

Copper and nickel can, however, be effectively separated by precipitating the 
copper compound in a11 acetate-buffer medium of Pa about 4 {c:f. Table VIII)'. This 
s~ems to indicate some specific .influence of the acetate in preventing the co-precipi
tation of the nickel in thi;; case. In the combined filtt:'ite and washings nickel was· 
determined by adding more reagent nnd adjusting the Pn with ammonia, as in the 
case of the individual nickel dotermination. 

Copper has, however, been separated from zinc, cadmiu1n, manganese11 , cobalt11 , 

lead and mercury" by precipitation at a controlled Pu with tht: amidoxime '(cf. Tables 
JI-IV) ; but in the presence of mercury the addition of a sufficiently large excess of 
the reagent is essential for the complete precipitation of copper. 

Interference by aulimonynr and bismutbl" i'il copper ·dt:termination 
prevented altogether by prec-ipitating copper as u-s~al, but in the. presence 
tartaric acid as a masking agent. These results are shown in Table V. 

can be 
of some 
For the 

separation of copper from ironm, the presence· of tartaric acid is 11ecessary as also of. 
a large excess of the reagent {cf. Table VI). 

Estin1ation of nickel can be carried out even in the presenre of zinc by preci
pitating the nickel complex of the reagent in prl!sence of sufficient ammonium 
chloride at a f'n of 7.0-7.5 {cf. Table IX); the latter prevents the precipitation of zif.lc. 

EXPERIM2N'l'AI, 

A pure sample of the reagent was prepared as described in Part I of this commu

nication {ioc. cit.). 

Estimation of Coppet' 

A stock solution of standard coppern chloride was prepared .from a. known 
weight of metallic copper (G. R.) by dissolving it in nitric acid and evaporating the 
s.olution with hydrochloric acid. Its strength was further determined gravim~trically 
with salicylaldoxime. 

A definite volume of th~ standard copper solution was just neutralised with pure· 
ammonia and weakly acidified with hydrochloric acid and then diluted to ~~:_bout 

100 c.c. with water and warmed on tbe water-bath. (:opper 'lfa5 precipitated_ by 
add-ing aii excess of the reagent (J.S-4-0 c. c. of the 1% solution in hot water or dilu~e 
hydrochiciric acid for ~very s mg. of copper present in the solutio~) a~d.!J.dj'u!!tiDg_ 
t~ fla· <?f. the solation k> 4-0-4.5 (tested by B.D.H. indica~or paper) by addi:Dg dilute 
alkali (KOH. NaOH or ammonia). The mixtnre was digested on. the_ "water-bath 
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for abouL S-Io minutes in order to allow the precipitat't: to settle and then filtered 
llJWlt~ a sintered glass (Jetta} Gooch crucible (No. 4). 1'he precipitate was 
thoror~ghly washed with hot water. dried at u·oo. for at least one hour, in an air oven, 
and weighed. The factor for copper is 0.1740. The res11lts are recorded in Table I. 

'l'ADLE I 

Drying temp.= 1 10". 

c~ preseut. Cu-colllPOUIId. Cu round. Error Cu preseut. Co-compound. Cu found. Et·ror 

!mg.). [mg.). 

o-oo6ro g. 0-03.~08 g. o.oo5ro g. ±o.o 0-041529 g. 0.0266o4 g. 0.04629 g. :!0-0 

o.OIS~IS 0 o8775 O-ljiS~6 o.osr8g 0-298o2 o.osd!fi -0.03 

0.0254.~ 0-I-159; 0-0~538 -o.cs 0-06104 0-35100 o.o6107 +o.o3 

O.OJ6I2 0.20775 o.o36rs +o.nJ o.o;sao 0-43579 0-07583 +o.n3 

o.Ioa715 0-59103 0.10283 +o.o7 

Separation of_Cof'PeT from Cadmium and Zinc 

From mixed solutinns containing copper and the other metal, copper was preci
pitated as in the previous case. In the filtrates the other metals were determined 
gravimetrically as oxinates, after decomposing the excess of the amidoxime by fuming
with ditric and sulphuric acids. The results are shown in Table II. 

TADLlt II 

:Metals Cu-compou nd. l\fetals F.rror Metals Co-compound. 1\fefals Rrcor 

present. fonnd. (mg.). pn~ent. fount!. (mf(.). 

Cu, o.osa82 !?· O.JOJCl2 g. o.os~ss g +o.o6 C'u, o 05282 g. O.JOJ~2 g. 0.05279 g. -o.oJ 

Cd, o 05428 0 0,5418 -o.IO Zu, o.051oz 0.05128 +o.o8 

Cu. o.orog8 o.o63oo 0 Oiog6 -0.02 Cu, o.o1o46 o.o6oor O.OIOJI4 -0.02 

Cd, O.OJ125 Zn, o.o5r2o 

Cu, o.ouo3 o.o69o5 o.ouC>r -o.'b2 C'u, o.onso 0.055CJ4 o.on48 -o.n:l 

("d, O.o6450 Zn. O-I029I 0.1n28o -o.n 

Cu, o o:rso o.o56n 0.01152 +o.o2 Cu, o.ro4So o.6or •s 0-1046~ +o.o2 

Cd, o.C:Q78~ 0.097?'1 -oo6 Z11, o.01024 O.OIOJO -+o.o6 

Cu, o.og4q 0-54070 0-09408 -o.o6 Cu, o.o7845 0-45120 o.o78so +o.o5 

Cd. t>.o1075 0.01077 +o.o2 Zn, o.o1024 

Cu,_ o.o6276 O.J6005· o.o6::r66 -o.IO Cn, o.o5492 O.JI5g8 o.os498 +o.o6 

Cd, o.•us6 Zn O.OII2l'i 

Ct!, 0.03243 a.r86r4 o.OJ2,31;1 -0-04 

Cd, o.o1236 ... 
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SgpaTation of CoPPsT /1on~ Cobalt, ,Manganess and Lead 

In the case of separation £rom lead, mixed solutions containing copper nitrate' 
and lead acetate were used as the absence of chloride and sulphate was essential. 

The mixed solution containing copper anp lhe other metal was neutralised with 
sodium carbonate, acidified with acetic acid and diluted to rso c.c. with water. · This. 
was warmed on tl1e water-bath for some time to expel the carbon dioxide,.-m~d the 
copper was precipitated as usual with the amidolll:irne at a Pn of 4.0-4.5. The preci
pitate was :filtered, washed, dried and weighed as usual, while in the combined 
filtrate and washings the other metal was determined gravimetr,i,cally as the sulphate 
as usual after decomposing the organic rnatter by filming with sulphuric and nitric acids. 
The results of some determinations are shown in Table III. 

'tADI,Jt HI 

Metals Cn-componnd. 1\·fef.als Error • 1\Iet~Is Ct1-compouud. , Metals Error 
preseut. fmmd. (mg.). present. . ... found. (mg.). 

Cu, 0.05492 g. OoJIS()O g, 0.05495 g. +o.oJ Cu, o.o5~3o g. O.JOOJZ g. O".o,5225 g. -o 05 
Co, o.o5788 l\Iu, o.oogji O.OOCJJS +o04 

Cn, o.oss44 0-31868 o.oss46 +o.c2 Cu, C.OI,307 0,07527 O.O:IJCJ9 '+o.o: 
Co, o.ou58 o.ou6o +o.o2 Mn, o.o5l!Jg 

Cu, c.onso o.c661o 0.01152 +o.o:2 Cn, 0.05561 0 3I96o o 0556o ""O.OI 
Co, o.c6367 Ph, 0.05228 

Cu, o.oszJo O.J0022 0.05223 -o.07 Cu, O.OZI45 o.o6s:4 O.OII44 -0.01 
Mn,o.o4888 Pb, o.os:zz8 

Ca, o.os4g6 0 31583 0.05494 -o.O!i 

Pb, o.oxog8 o ozogs -0.03 

Sepa.,ation of Coppe-r front Me-rcury 

'l'bis call be effected by precipitating the coppc:r from mixed solutions containing 
copperu chloride and merc1uy" chloricle at a PH of 4.0-4-5• btJ.t a relativ~ly large 
excess of the !lmidoxime, determined by the amount of mercury present, i! required 
to effect complete precipitation of copper {c£. Table IV). 

The mixed solution containing coppern and mercu'Y¥ cblolides was neutralised 
with caustic soda, acidified with HCI, dilnted to 200 c.c. with water, warmed and 
treated '~ith "an excess. of the rengenl solution, p" adjusted to .i.o-4.s, and the copper 
J?recipit!lte.Wtis worked•up as usual. In the :filtrate mercury was· lletermined gravi
metrically as the sulphide. Tbe results are shown in Table IV. 
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1'ABLE IV 

Metals present. Volume of 1% 
reagent soln. 

CL1-compouud. Metals found. Error. 

Cu, 0.05256 g. 00 C.C". o.Joi8o g. 0.05ZSO g. -o.o6 mg. 

Hg, o.o483o 

Cu, o.o6302 so 0.36237 o.o6J05 .+oo3 

Hg, o OI449 O.OI45I +o.o2 

l'u,eo.or.o46 10 
Hg, 0.<>48JO 

0.05420 0-00943 -1.03 

Cu, 0 OI041'i :;o o.o6ozo 0,01047 +o.oi 
Hg, 0-048JO 

Separati,pn of Coppef' jf'om. Antimony and Bismuth 

To the mixed solution containing copper" chloride and antimony 111 chloride or 
coppern nitrate and bi:;muthnx nitrate, as the case may be, sufficient free mineral 
acid was added to ifford aoclear solution. This was treated with about 2.5 g. of 
Roch~le salt and then with sodium carbonate solution till a light blue colour jm;t 
appeared. The solution was thoo acidified carefully by adding the requisite mineral 
acid to bring its p,;. between 4 and s- This was then diluted to about 200 c:.~. with 
water, wanned on the water-b:1th, aud copper precipitated by adding an excess oi 
:r% aqueous solution of the amidoxime and then adjusting the :Ps , if required, to 
4.0-4.5 by adding a dilute solution of caustic potash. The copper precipitate was 
filter;d, washed, dried and weighed as usual. In the filtrate antimony was determined 
volumetrically by the bromate method, and bismuth determined gravimetrically as the 
oxide (Ei2 0.l, after precipitation with ammonium carbonate; all organic matter was 
previously decomposed by fuming with sulphuric and nitric acids. The results of a 
number of determinations are recorded in Table V. That tartaric acid did 'hot interfere 
with the d-etermination of copper is shown by the first two results in the table. 

'fABLE v 
Metals present. Cn-corupognd. Metals fog11d. Error. 

Cn", O.OIJ08 g. 0-07542 g. O.OIJIZ g. +o.o4 mg. 

Cu, o.1o46o o.6ox8o Q.IQ470 +o.:ro 

Cu, o.o4:r84 o.239g8 0.04176 -o.o8 

Sb, 0.0~394 
Cn, .. o.os~s~ o.JoJ82 0.05284 +o.o2 

Sb, o.oo599 
Ca, o.or046 0-05995 0 01043 -OOJ 

Sb, o.o2993 
o.o298I -0.1:2 

Ca, 0.04253 0.24492 0.04261 +o.o8 

m, 0.0488g 
0.041198 +o.Q9 

Cu, o.o6s"4J o.3]"{i2o o.o6545 +o.ba 

Di, 0.01528 
+d-04' 

(.'u. 0.01309 0-07544 O.OIJI3 

Bi, 0.07334 
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Sepa.ration. of Copper front .Iron 

Copper has been separatt:d from "iron"; by precipitating the fonner in presence 
of tartaric acid at ~ Pfl of 4 . .0-4.5 by using a large excess of the reagent. ·About 
3·5·4·?. c.c. of 1% solution of the reagent for each s mg. of copper and in addition 
8·9 c.c. of the same for each 5 mg. of iron pr.sent have been found necessary for 
complete separation. 

The mixed solution containing coppern and iron"' chlorides and sufficieUt. HCl 
was treated with 3 g. of Rocbelle' &Ult; this was diluted to rso c.c. and warmed on 
tbe water-bath. The hot sotution was treated with t.he requisite quantity of the 
reagent solution, prepared in o.rN hydrocl1loric acid, and the Pa adjusted thereafter 
to 4."0·4·5 by adding dilute caustic potash solutiotl. The copper precipitate was 
worked up as usual, and in ti1e filtrate iron was determinf-.i gravimetrically a:; Fe10 3, 

after decomposing the organic matter. The results of some of the detern1ivations are 

\'hewn in Table VI. 

1.'Am.ll VI 

Ml!tals present. Volume of I% Cu-compounC!. Metals found. Error. 
reagent sclfl. 

Cu,- D·P5~30 g. 40 c.c 0.29741 g. 0 osx68 g. -o o62 mg. 

Fe, o.oro8z 
.Cu .• o.oio46 IO · o.os875 o.OI02ll -0.24 

' Fe, o.00541 . 
Ca, o.o.sas:z .40 0-30385 o.osz86 +o.o4 

l'e, o.00054 
Cu, o.o6276 ISO Q.J6IOI o.o628r +a as 
Fe, o.o6o42 

Ca, "·D3I3E So 0-18040 O.OJIJ8 ±o.o 
Fe, o.oJ02I o.oJo2o -o.oi 
Cd, Q.OI046 6o o.o6oli 0-01046 ±o.o 
Fe, o.DJOZI O.OJOIJ -o.o8 

Estimation of Nickel 

A stock solution of nickel chloride W{I-S prep:ared and its .strength was determined 
gravimetrically as nickel-dimetbylglyoxime. A known volume of the . nickel 5olution 
was diluted to about 100 c.c. by adding wo.~ter, warmed au the water-bath, added an 
excess <Jf the-reagent solutioo (about 4 c-c. of. the 1% solution, ip o.1N-HCI or hot 
wath, for every 5 mg. of the nickel present) and dilute ammonia wa·s then gradually 
added till the Pa of the solution came within the range of 7.0-7-5 (tested by B.D.H. 
indicator paper). This was then _digested on tbe water-batb till· the precipitate 
settled down (about Io-rs minutes requ:red). The precipi-tate wac, then filtered off 
on a No. 4 si_ntered glass (Jena) Gooch crucible, washed thoroughly ,with hot water 
(lf :Pa near about 7 (adjqsted by adding a few drops of dilute ammonia)· wid 'then 
tl;.ied at. nt. 0 for at l~ast one. hour and WE:ighe:l. The factor for nickel is o.1628 
Resnlts a::e recorded iu Table VU. 
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TABU: VII 

Drying. temp.= I I0° 

Ni -present. N!-compound. ~i fo11nd. .~i:rar. 

n.ooM% g. Oo04o6f g, o.oo66z g. ±o.o tng. 

o.o3597 o.159s8 o.M599 +o.o2 

0-05I43 O,JI557 0-05138 "-o;os 

o.o6u~ 0.3:t8gJ Gl.o62i8 +o.oli 

0.07740 0-47569 o.o7744 +o.Q4 

Estimatio11 of Copper and Ni·ckel when ~resent together 

The "mixed solution containing copper and nickel was neutralised with dilute 
ammonia till a turbidity just appeared. To this were added 6 c.c. of 6N acetic acid 
and 10 c.c. of a 10~ solutifln of sodium acetate. The mixture was then diluted to 
100 ci'C. with water and warmed pn the water-bath ; copper was then precipitated in 
bot soh1tion by adding 4.0·4.5 ~.c. 'of an x% solution of salicylamidoxime in hot water 
for every s mg. 'of copper present. This was then digested on the- water-bath for 
about zo minutes and 1hen filtered hot tlu·ough a No. 4 sintered ~lass (Jena) Gooch 
crucible. The precipitate was washed thoroughly with hot water, then dried at noo 
for ~ue hour and weighed. In the combined filtrate and washings nickel was 
p•ecipitated by adding more of the reagent (about 4 c.c. of the 1% solution for every 
s mg. of nickel present) and then adjusting the pB to 7.0-7.5 with ammonia. The 
resu,ts of some of the determinations arc recorded in Table Vlli. 

TABLE VIII 

Metals present. •pn. Wt. of cotnpounds. Metal~ found. Error. 

Cu, o.oxs6g g. J-92 o.ogoot g. o.or566 g. -o.D3 mg. 

Ni, 0.01527 0.09386 0.01529 +o,oz 

cu, 0-04759 3-98 o.z7",!or 0-04750 -0.09 

Ni, O.OIS7'8 0-09712 0.0158I +o.03 

Cu, 0.09336 3·88 o.s36ro o.og338 -o.o8 

Ni, O.OI004 o.og87r 0.0!007 +o.o3 ·· 

Cu, obr674 4·o8 o.og6rg O,Ol673 -o.o:r 

Ni, 0.04837 O.IZ¢57 0.04829 -o.o8 

Cu, o.nrs6Q 3.~ 0.0900I o.ms66 -oo3 

Ni, o.og267 o.s6gs6 0.01)273 +o o6 

Cu, o.os;;oS 3-94 o,30499 0.05307 -o.OI 

Ni, 0-05423 0.33~82 o.o,5..y8 -o.os 

The Pn valt141S refer to the filtrate only. 
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S'epaTa.tion of Nickel from Zinc 

An excess of atnmonium chloride has been found to prevent tbe p!'ecipUation 
of r:inc. 

The mixed solution containing nickel nnd zinc was treated with about 4 g. of 
Btnmouium chioride, diluted to :aoo c,c. with ~ter and heated on the water-bath, 
To the warm _solution was added an excess of the reagent (about 4.0-4·5 c.c. of the 
I% solution of saticylamidoxime, in o.rN-HCl for every s mg. of nickel prese~t) and 
nickel was precipitated by addi.Dg dilute ammonia dropwise till the Pu of the solution 
1'ose to 7-0-7·5 (tested by B.D.H. indicator paper). 'I'he mixture was digested on 
the waler-hath for a few minutes and then the precipitate was filtered, washed, dried 
and weighed as usual. 

In the combined filtrate hnd washings, zinc was estiiJ,Jated gravimetrically as the 
oxinate, after decomposing the organic matter. 'fhe results of some of the determina
tions are shown in Table IX. - The first two results in the table indicate that ammonium 
chloride does not interfere with the determination of nickel. 

TAlli..Il: IX 

Metals present. Ni·compoll.Dd. 

Ni, o.o1399 g. o.o8618 g. 
Zn, nil 

Ni, 0.12562 0.77276 
Zn, nil 

Ni, o.ro184 o.6258o 
Zn, o.o1o24 

Ni, o.o1oli9 o.o6s8o 
Zn,-a.05I20 

Ni, o 01247 0..07623 
Zn, o.1024c 

Ni, o.o6z1g 0.38231 
.Zn, o.o1oz4 

Ni, o.c628I O.J8594 
Zn, o.osi~o 

DliPARTMJiNT 011' INORGANIC CB.IIHJSTRV, 
INDIAN ASSOCIATION' FOR TEE CULTIVATION 011 SCittNCE, 

('AtCUTT/1·32· 

Met11Is found .. nrror. 

0.01403 g. +o.04mg. 

0.12581 +o.19 

0-10190 +o.o6 

O.OIOj1 +o.o2 

0-01242 -o.os 

0-~24 +o.os 
0.01030 +o.o6 

o.o6284 +o~os 
O.OSI2S +o.o8 

Recei11ed APril z6, 1955 


