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Copper forms green coloured complexes in a-pic/{J-pic/y
pic/2,4,6-collidine-thiocyanate systems at pH 3-8. ·These are 
extractable into chloroform. The colour of the extract (stable at least 
for 24 hr) can be directly measured spectrophotometrically. The 
sensitivities are 0.0343, 0.0297,0.031 and 0.0392pg Cu(II).cm - 2 and 
molar absorptivities 8.855 x 103,9.317 x 103,9.038 x 103 and 9.175 
x I 03 litre mol- 1 em - 1 fot a-, {J- and y-picolines and 2,4,6-collidine 

respectively. 

Copper forms a green complex in the _·pr:esence of 
pyridine and thiocyanate. This fact has been used in 
developing gravimetric as well as colorimetric methods · 
of estimation of copper1 -s. In the present note we 
report the results of our studies on the extraction 
behaviour of copper(II) in the presence of some 
substituted pyridines and thiocyanate. Based on these 
studies, a rapid and sensitive method for the extraction 
and spectrophotometric determination of trace 
amounts of the copper has been developed. The 

. -. substituted pyridines used are ex-, P- and y-picolines 
and 2,4,6-collidine. The. optimum conditions for 
extraction, effect of pH, reagent concentration and 
effect of diverse ions, etc. have been studied. 

Absorbance measurements were carried out with the· 
help of a Beckman Spectrophotometer model D U 2. A 
digital pH meter (ECL, pH 5651) was used for pH 
measurements. Chloroform (E. Merck), ex-, P- and y
picolines and 2,4,6-collidine (BDH) were distilled 
before use. 

Procedure-An aliquot containing 3-30 11g Cu(II) 
was mixed with 15 ml of2% (w/v) aqueous ammonium 
thiocyanate followed by the addition of 1 ml (1 00%) of 
r.t-m-/y-picoline/2,4,6-collidine. The volume of the 
aqueous phase was made upto 20 ml with doubly 
distilled water and then it was equilibrated with 20 ml 
of chloroform by manual shakirig for 5 min. The layers 
were allowed to settle and the absorbance of the 
chloroform ex!ract · was measured against a 
corresponding reagent blank. Extracted copper was 
determined from a previously prepared calibration 
curve. 

The chloroform extract was shaken with anhydrous 
sodium sulphate prior to. the absorption measurement 
step in order to remove any associated water droplets. 

Copper(II) complex in chloroform shows absor
ption maxima at 410,405,400 and 420 nm in the cases 
of ex-, P-, y-picolines and· 2,4,6-collidine respectively. 
All the optical density measurements were carried out 
at the corresponding absorption maxima. The reagents 
absorb insignificantly at these wavelengths. Study of 
extraction behaviour ofCu(II) over the pH range 1-11 
shows that quantitative extraction occurs at pH 3.5-
6.5, 3-7.5, 4-7.2 and 5.5-8 for ex-, P-, y-picolines and 
2,4,6-collidine respectively. Above or below these p"ij 
values, the extractions were found -to be incomplete. 

Optimum conditions for estimation-Results of 
estimations with different samples.containing varying 
amounts ofCu(II) indicate that the system obeys Beer's 
law over a concentration range of 2.5-30 Jlg Cu(II) per 
ml in case of ex-, p~ and y-picolines and 4-40 J.lg Cu(II) 
per ml in the case of 2,4,6-collidine. 

Cu(II) is quantitatively. extracted into chloroform in 
a single operation when the layers are shaken for 2 min. 

Variation of reagent concentration was tested at the 
corresponding pH, the other variables remaining the 
same. It was found that I ml of the respective reagents 
and 1.5 ml of 2% aqueous ammonium thiocyanate are 
sufficient to extract 40 11g Cu(II). Amount of organic 
reagents below 0. 75 ml and aqueous thiocyanate below 
1 ml (2%) resulted in incomplete extraction. Higher 
concentration (I ml for organic reagents and 1.5 ml for 
2% aqueous thiocyanate) had no effect on extraction 
but it was avoided because of reagent economy. 

The optical densities of chloroform extract 
. containing 5-161-Lg Cu(II) were measured at different 
intervals of time. The colour of the complexes in 
chloroform was found to be stable for 24 hr. At the end 
of30 hr, the absorbance values decreased by about 3%. 
Therefore, optical densities were measured within 24 
hr of extraction in all subsequent measurements. 

Effect of foreign ions-Jn order to study the effect of 
diverse ions on the extraction behaviour, 5-16 11g of 
Cu(II) was extracted and determined according to the 
general procedure in the presence of about 10 mg of 
foreign ion except in the cases of Ni(II) [1.81- p1g Ni(ll)], 
Pd(II) [1. 77 mg Pd(II)], Pt(IV) [ 4.00 mg Pt(IV)] and I
[2 mg I-] where more than the amount indicated in the 
brackets caus~d serious interference. Interference due 
to Fe(III) and Co(II) was avoided by masking them 
with ammonium hydrogen fluoride in the aqueous 
phase. All attempts to remove the interference due to 
Hg(II) failed, and the presence of Cu(II) always 
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produced a low absorbance value. Thiosulphate, 
EDT A, citrate and oxalate interfered by completely 
preventing colour formation. This may be due to. the 
fact that Cu(JD has a greater affinity for these 
complexing agents compared with the organic bases 
used for estimation. In ex-J/1-Jy-picoline-thiocyanate 
systems, the presence of Pd(Il) always resulted in a 
higher absorbance value and this obstruction could 
not be removed even when excess of the reagents, i.e., 
amine and thiocyanate were added. Other foreign ions 
used in the study were Mg(Il), Ca(Il), Sr(Il), Ba(Il), 
Al(III), Rh(IIl), La(III), U02 

2 +, molybdate, tartrate, 
acetate, borate, phosphate, fluoride and bromide. 

Determination of copper in alloys: (z) Gun meta/-
0.5 g of the alloy (analysed sample. supplied by Bureau 
of Analysed Samples Ltd, U.K., containing 86.4% Cu, 
1.3% Zn; 10.5% Sn, 1.02% Pb, 0.02% Fe, 0.11% P and 
0.26% Ni) was taken and its tin and lead contents were 
separated as usual in the forms of metastannic acid and 
lead sulphate respectively. Tin and lead free filtrate 
was suitably diluted with doubly distilled water. Each 

. time an aliquot of suitably diluted solution was taken 
to estimate copper by following the general procedure, 
mentioned earlier. Against the actual value of 86.4%, 
copper was found to be 86.5, 86.2, 86.1 and 86.0% 
when ex-pic, /1-pic, y-pic and 2,4,6-collidine were used 
respectively in the general procedure of estimation. 

(ii) Cupro-nicke/-0.5 g of cupro-nickel (analysed 
sample supplied by Bureau of Analysed Samples Ltd, 
U.K., containing 67.4% Cu, 0.82% Fe, 0.81% Mn and 
30.7% Ni) was dissoved into a mixture of 10 ml of 
distilled water, 1 ml of cone. H 2S04 and 2 ml of cone. 
HN03 • When the dissolution was complete, the 
solution was boiled to remove the oxides of nitrogen. It 
was then sufficiently diluted to estimate its copper 
content according to the general procedure. Prior to 
addition of thiocyanate and ex-//1-/y-pic./2,4,6-collidine 
to the metal ion solution, ammonium bifluoride 
solution was added to mask any trace amounts of free 
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iron. Against the actual value of 67.4%, copper was 
found to be 67.2, 67.1, 67.3 and 67.5% when ex-pic., /1-
pic., y-pic. and 2,4,6-collidine were used respectively in 
the general procedure. 

(iii) White metal-1.0 g of the alloy (analysed 
sample supplied by Bureau of Analysed Samples Ltd, 
U.K., containing 4.10% Cu, 0.38% Zn, 84.0% Sn, 3.9% 
Pb and 7.5% Sb) was taken and its tin and lead contents 
were separated as usual in the form of metastannic acid 
and lead sulphate respectively. Tin and lead. free 
filtrate was used for estimation of copper. Against the 
actual value of 4.1 %, copper was found to be 4.15, 4.13, 
4.09, 4.05% when ex-pic, /1-pic, and y-pic. and 2,4,6-
collidine were used respectively in the general 
procedure. 

(iv) Aluminium alloy-1.0 g of the alloy (analysed 
sample supplied by Defence Metallurgical Research 
Laboratory, Ichapur, W.B., containing 2.34% Cu, 
1.5% Fe, 1.2% Mg, 1.51% Ni, 0.02% Mn, 0.19% Si and 
rest Al) was dissolved in cone. HCI. Diluted solution 
was used to estimate copper with substituted pyridines 
and thiocyanate. Estimations were carried out in the 
presence of ammonium bifluoride in order to mask free 
iron. Against the actual value of 2.3%, copper was 
found to be 2.30, 2.36, 2.35 and 2.31% when ex-pic., /1-
pic., y-pic. and 2,4,6-collidine. were used respectively. 

Authors are thankful to the UGC, New Delhi, for 
the award of a fellowship to one of them (P.C.) and to 
Prof. A.K. Ghosh, Head of the Department of 
Chemistry, North Bengal University for the 
laboratory facilities. 
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Palladium forms complexes with pyridine;a-picolineiP-picoline/;·
picoline/2,4,6-collidine in the presence of1 thiocyanate. These 
complexes are quantitatively extractable into chloroform and thus 
provide a method for the estimation of Pd(ll). All the species absorb 
around 310 nm. The sensitivities are 0.0076. 0.0042. 0.0051, 0.0050 
and 0.0055 pg Pd(II) em - 2, and molar absorptivities of the 
~;omplexes are 1.39 X I 04

• 2.51 X I 04
• 2.46 X IO·. 2. I 3 X I 04 and 3.21 

x I 04 lit mol - 1
. em - 1 for pyridine, 0!-pic, If-pic. ;·-pic and 2.4.6-

collidirie systems respectively. Hg(II), Fe(III). Co(II) and Cu(II) 
interfere in every system, while Ni(II) interferes in all the systems 
except in 0!-pic-SCN and 2.4,6-collidine-SCN systems. 

Use of pyridine-thiocyanate for extractive-
. photometric determination of various metals is well 

known 1 
-

6
. But the extractive behaviour· of some 

bivalent metals with methyl substit,!lted pyridines in 
thiocyanate system has not been studied. We have 
undertaken a systematic programme to study the 
extractive behaviour of Pd(II) with pyridine and some 
of its methyl substituted derivatives in thiocyanate 
system. Based on these studies, a few rapid and 
sensitive methods for the extractive and spectro
photometric determination of trace amounts of 
palladium have been developed. The substituted 

-"'"· - -·-~·-, __ pyridines used are: o:-picoline, P-picoline, )'-picoline 
and 2,4,6-collidine. 

After studying the influence of pH, · and 
concentratic>ns of reagents on the colour formation. 

the following procedure was adopted for the . 
estimation of Pd(II). 

Procedure-An aliquot captaining 10-100 pg Pd(II) 
was mixed with 1.5 ml of 2~0 (w/v) aqueous ammonium 
thiocyanate followed by the addition of 1 ml (100~'~) of 
pyridine/o:-pic/ P-pic//'-pic/2,4,6-collidine. An a pprop
riate amount of dilute HCI/NaOH (0.1 Nsolution) was 
added and pH of the resulting solution was measured 
after extraction. The volume of the aqueous phase was 
made upto 20 ml with excess of doubly distilled water 
and then it was equilibrated with 20 ml chloroform by 
manua'! shaking for 10 min. The two layers were 
allowed to settle for 10 min and then separated. 
Finally, the volume of chloroform extract was· made 
upto 20 ml with excess solvent and its absorbance was 
measured against a reagent blank. Extracted 
palladium was determined from a previously prepared 
calibration curve. The chloroform extract was shaken 
with anhydrous sodium· suiphate prior to the 
absorption measurement step in order to remove any 
associated water droplets. All the experiments were 
carried out at 25-30·c. The details of the experimental 
procedure for different systems are given in Table 1. 

pH of the solution plays an important role in the 
quantitative extraction ofPd(II) into the organic layer. 
Study of extractive behaviour of the metal over the pH 
range 0.5:...10 shows that quantitative extraction occurs 
in the pH ianges 4.9-7.1. 3.5-7.0. 2.6-5.8, 4.9-6.6 and 
1.2-2.1 for p~ridine, o:-picoline, P-picoline, )'-picoline 
and 2.4.6-colll'dine systems respectively. In all the 
cases: I ml of'lOO% base and 1.5 ml of 2~~ (w/v) 
NH 4SCN solutions were used .. Above or below these 
pH values, the extractions were found to be 
incomplete. Different amounts of palladium were 
extracted, as described in the general procedure earlier, 
at the corresponding pH and the optical densities were 
measured. The aqueous phase after each extraction 

Parameter 

Table !-Details of ~he Extractive Methodst 

Base employed 

pH 
i.max (nm) 
Molar absorptivity 
(lit mol_, em_,) 

Interfering ions 

Py,ridine 

4.9-7.1 
315 

1.39 x 10• 
V(IV). 
molybdate, 
S 20~ .Th(IV) 

<X-picoline P-picoline 1'-picoline 

3.5-7.0 2.6-5.8 4.9-6.6 
304 306 305 

2.51 X 104 2.46 x 1o• 2.13 x 10• 
V(IV). V(IV), V(IV). 
molybdate, molybdate, molybdate. 
S 20~- S 20~-' slo~ 

tConcentration· of SCN was 1.5 ml (2~ ,. w/v) and that of the base 1.0 ml ( 100~,) in each case. 

2,4.6-collidine 

1.2-2.1 
310 

3.21 x 10• 
Pt(IV).V(IV). 
molybdate. horate. 
S2o3. 

-------------------------------------~-------------------------------------------
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was clear and colourless. The Beer's law was obeyed in 
the ranges 0.8-7. 7, 0.4-4.52, 0.5-5.5, 0.5-5.0 and 0.5-5.5 
fl.g of Pd(II)/mi'CHCl3 for the pyridine, a-picoline, P
picoline, y-picoline and 2,4,6-colli.dine systems 
respectively. Pd(II) was quantitatively extracted into 
chloroform in a single operation when the layers were 
shaken for 10 min. 

Effect of the variation of concentrations of the 
reagents was tested at the corresponding pH, the other 
variables remaining the same. It was found that 0.5 ml 
of the respective reagents and 1.3 ml of 2% (w/v) 
aqueous ammonium thiocyanate was· sufficient to 
extract 100 Jlg Pd(II). Higher concentrations [1 ml for 
organic reagents and 1 .. 3 ml for 2% (w/v) aq. 
ammonium thiocyanate] did not affect extraction, but 
were avoided because of reagent economy. 

Sensitivities, in terms of Sandell's definition, are 
0.0076, 0.0042, 0.0051, 0.0050. and 0.0055 fl.g Pd(II) 
em -z for pyridine, a-picoline, P-picoline, y-picoline, 
2,4,6-collidine systems respectively. 

The optical densities of the chloroform extracts, 
containing 40-160 fl.g Pd(II) extracted qy the 
recommended procedure, were measured at the · 
different intervals of time and it was found that organic 
extracts always produced a steady absorbance value 
for at least 24 hr at room temperature. At the end of 35-
40 hr, the absorbance values decreased by about 5-l 0% 
So it seems convenient to measure the optical 
densities within 24 hr of the extraction. 

Effect ofdiuerse ions-In order to study the effect of 
diverse ions on the extraction behaviour, 40-100 fl.g 
Pd(II) was extracted and determined according to the 
general procedure in the presence of about 10 mg of 
foreign ions except in the cases of Rh(III) (1.96 mg), 
Pt(IV) (1.00 mg), Cd(II) (3.2 mg), F -(4.5 mg), Br- (5.8 
mg), I- (8.2 mg) and EDT A ( 4 mg) where more than the 
amount indicated in the brackets caused serious 
interference. Interference due to Fe(III) and Co(II) was 
avoided by masking them with ammonium hydrogen 
bifluoride in the aqueous phase, 5.38 mg of Fe(III) and 
4.99 mg of Co(II) could be rendered innocuous in this 
way for each of the systems. 
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. In each case, upto 7.68 mg Hg(II) could be masked 
by excess EDTA, and 6.014 mg citrate ions could 
render 2.13 mg of Cu(II) innocuous. Ni(II) interfered 
only with pyridine/P-picjy-pic-thiocyamite systems. 
When the methyl group is in the 2-position of the 
pyridine ring, Ni(II) does not form a complex 
with it; therefore, a-Pic and 2, 4, 6-collidine can be 
used to separate Pd(II) from Ni(II) without 
using any other masking agent. Interference due to 
Sr(II), Ba(II), Zn(II) and Cd(II) in the 2,4,6-collidine
thiocyanate system was successfully· avoided by using 
aqueous ammonium hydrogen bifluoride. In the same 
system, Pt(IV) always co-extracted with Pd(II), and so 
in its presence Pd(II) could not be determined. Due to 
steric factors, 2,4,6-collidine requires highly acidic 
medium for complexation,' and in relatively highly 
acidic solution only the ions Ba(II), Zn(II), Sr(II) and 
Cd(II) interfere; thus this system differs markedly from 
other four systems. 

Molybdate and thiosulphate interfered in the 
extraction ofPd(II) from aqueous phase to the organic 
phase. Tolerance limit for oxalate in the case of 
pyridine-SCN and 2,4,6-collidine-SCN systems is 
relatively low. In these systems, only upto 4.5 mg of 
oxalate ions do not hamper the quantitative extraction 
of Pd(II). 

The authors are thankful to the UGC, New Delhi 
for the award of a fellowship to one ofthem(P.C.), and 
to Prof. A~K. Ghosh, Head of the Department of 
Chemistry, North Bengal University for the 
laboratory facilities. 
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.. Ni(II) ~ 'C6(II) ~ Gu(II) andl?_c:f(II) form complexes. wifh pyridine 
and methylsUbstituted pyridines.in the<pr.es~ce of--thiocyanate~ Cu(ii) 

eomplexes,. having \ . 4oo~o ·run, ·are ~xtractable to chloroform quanti-
. . m~ . 

tativaJ.s: _at pH 3-B .. 2.,5-40 ;ug · Gu(II) . ca11 be determined by o< - picollie, 
· ~ -pj_coline,-/ _· picoJ...ine::·_,_or .. _ 2:4:-6 .-collidin-e and tC>.iocyaJ).ate. Co (II) 
comple~es are readily extractabi;·_:iiita-··et:r,.zy-iacet.ate .. ari.O. .. _a.l5sorb..sharp~ at 

:620 nm.a 3,.5~0 .;ug .. Co(II) . can be deterridned vd.-th ... so:0:.~4 .. a~-~i~cy: Wlkh_:t£ie 
ab ave set of r.ep.geD;-t s.: .Pd (II) complexe·s with pyridine/ o( - piC:..:, .. p -·pic, 

· { :.:.Pic- or 2:"4·i·6· .. _:co'11id.iJ:ie.· and tr.iocy;ii~t,'e ab.so!-b·-aro~d 310 nm:, .and 

Oo5~7 ~g _P-d(I~} can -also b~~ dcl:~;~~-d fu chlorofor-m -~th{~~-:·~~v~ 
reagent's.. · "' 
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ACENAPHTHENEQUINONEDIOXIME AS AN ANALYTICAL REAGENT:STUDIES 
ON PALLADIUM COMPLEX. 

. \ 
P. CHATTOPADHYAY AND S. 1(. MAJUMDAR 

Department of Chemistry, North Bengal University, Oarjeeling, 734 440, India. 

.,.,. ...... 
ABsTRACT 

Acenaphthenequinonedioxime (ANDO) has been used as a reagent for gravimetric determination · · 
of palladium and for its separation from several cations and anions. Palladium is quaptitatively 
precipitated by ANDO between the pH range 0.5-3.5. After drying the precipitate at 110°,

1 
its 

composition corresponds to the formula Pd(Ct2H702Nz}z. Many commonly associated ions, 
except platinum and iron (Ill), do not interfere. Interference due to Fe (III) has been eliminated by 
masking it with exr-, 'dtrate ion. Elemental analysis confirms the proposed metal: ligand ratio of 
the metal chelate. The complex .is diamagnetic and gives typical d-d spectral bands as generally 
observed in square plariar complexes-involving d8 electronic conjigurafion. The involvement of 
st-rong hydrogen bridge and metal-nitrogen 'bond formation is confirrr.ed by infrared and far 
infrared spectral analysis. Results ofTG andbTA curves are also presented. 

lNTRODUCrJON . 

V ICINAL a- -dioxime has been · used as an 
analytical reagent for transition metals, espc- . 

cially nickel and palladium, since its discovery and 
study of the selective propenies of the dioximes 1• 

Most transition metals form some kind of stable com-· 
plex with these compounds. Usually the me~al i<?n is 
coordinated to the functional group C(NOH)-

C(NOH) of the dioxime molecule, as shown jn fis
ure I. The formation off our chelate rings will increase 
the shibility ·of the complex H. - · 

The present communication deals with the usc of 
acenaphthenequinonedioxime (ANDO) a.~ a gravimct-: ·. 
ric reagent for Pd(II). An ethanolic solution of the 
reagent reacts with Pd(Il) at pH 0.5-,3.5 quantitatively 
forming a brown cOI:nplex of I :2 stoichiometry analy
sing for Pd(C,2H702N2h- Pd(Il)-oximc complex is .. 



.. ' > 

Fl..,:e t. The structure of metal dioximes, M(AA)a R · 
~net R' denote H, aliphatic or aromatU:-radicals. .. 
insoluble in water, ethanol, methanol, CllCis, CCI4; 
benzine, ethf:r etc. 

ExPERIMENTAl 

All the chemicals used were of A.R. grade. The 
solution of Pd(ll) was prepared by dissolving!alla
dium chloride in 0.05 N HCI and standadised . 

The reagent was· prepared by refluxing ethanolic 
10lution of acenaphthenequinone with hydroxylam
ine hydrochloride(2 mol) and sodium acetate for 12 hr 
(MP 224°) (literature value 225°), JR spectra of the 
prepared dioxime were compared with those of the 
authentic sample (N found 13.29%; Calc. 13.21%). 

An aliquot containing 25-40 mg of Pd was diluted 
to- 100 ml and the pH adjusted between I and 2 with 
hydrochloric acid. The contents were heated to 
60-70° and· treated with 0.5% ethanolic solution of 
ANOO added dropwise witti constant stirring (4 mg 
ANOO for I mg Pd). The precipitate nttained was 
diJested on a waterbath for 30 min and finally the 
i<-1;•tion was tested for complete pr« ipitation. The 
p~.:..pitate was allowed to stand for 1 hr and filtered 
throu&b G-4 sintered &lass crucible. It was washed 
wi\b di.nilled water several times until the precipitate 
wu free from chloride. It was found that the precipita
tion of palladium ii quantitative in the pH ranee 
O.S-3.5. The conversion factor (metal/ metal complex) 
il0.2014. The relative JtandaJd deviation.ib the deter
mination of Pd(20 mJ) by the pro~ method was 
± 0.35% in 20 detcrmin&tiom. ANOO is suitable to 

. otimak 2():..SO m& of Pd(.ll). 

The rea1ent· bU a fllvourablc ifll\'i.melric baor 
(0..2014) compared to dimctb)·~yoxime(0.3168), sa1j.. 
eylaldox.ime (0.2812), nioxime (0.2739). 4-mcthy~ 
oxime (0.2558). n::ucetophenonc oxime (0.2430) and . 
2-,hydroxy1-l-Mphthaldoxime (0.2223). The above 
oximn an:_, in ~Mral. wide-ly used for aravimetric 
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estimtion of palladium. Pd(AND0)2 is. less soluble 
than the complexes of the mentioned oximes and has a . 
smaller Pd content, thus giving a larger weight of 
precipitate for a given weight of Pd. 

·The selectivity of ANDO as gravimetric reagent for 
. Pd(II) was studied by determining 15-30 mg of Pd(ll) 
in the presence of a number of other ions. An ion was 
considered to interfere if the weight of the metal che-

.. late obtained differed by more than ±2% from that for 
·the calculated value. Foreign ions were added prior to 
adding the reagent solution and the pH value was 
· adju~·ted in the range 0.5 and 1.5 Pt(IV) interfered 
seriously by forming a brownish b(ack precipitate. In 
fact, ANDO is not selective for Pd(fl) even in presence 
of I mg of Pt(IV). Interference ::lue to Fc(lll) was 
removed by using citrate ions; 3- f g of tripo~ssium 
citrate rendered about 25 mg of Fe' !11) innocuous. The 
tolerance limit of Cu(ll) is how· •1er low. Common 
maring agents were used to impf', vc t.hc selectivity of 
the reagent for Pd(ll) in the preser.u:e oflargeexcc.:ss of 
Cu(II). The amount, indicated i/1 the following sec
tion, offered a realiable result. The following ions, 
added as nitrate, sulphate or chloride, caused no inter- · 
ference on the M:Pd weight ratio given: 

Zn(ll)~ 10; 
Qe(ll)~ 12; 
Co(II):SS; 
La( Ill)~ 13; 
Mn{II)~IO; 

Cd(ll)~ 12; Hg(JJ);::::: 10; Ag(l)~9;; 
AI( III);:::: 15; Th(IV)~6; UOa(lll?-7; 
Ni (11):55; Pt(l\'):50.05; Rh(III):S3; 
Sr(II)~IO; Ba(ll);:::::l2; Zr(lV)~I2; 
Ca(ll)~ 13; Cu(ll)~2; Mg(ll)~ 10; 

alkali metals ~20. 

Among anions, phosphate. acetate, fluoride, brom
ide, car.bonate, oxlate, citrate, tanrate, thiosulphatc. 
borate and molybdate (added as alkali metal salts) do 
not interfere even when their weight is 10 times that of 
palladium. 
Proper1ies of Pd (ANDO}J 

· Rc:pons on elemental analysis are as follows. 
Found: C.S4.2; H, 2.89; N, JO.SI; Pd, 20.11%. 
Pd(CuH,<M't2n· Rcquired:C, 54.5; H, 2.65; N, 10.60; 
Pd, 20.14%. The palladium complex wa5 experimen-
tally diamagnetic. This study points to the square 
planar litereochemistry of the metal complex. Its nujol 

· mull electronic sp«tra over the spearal range 
300-1000 om wa5 recorded which show typical d-d 
spectral bands as generally ob~rved in square planar 
complex.es involving cf electronic configuration. The 
broad band in the range 460-475 nm is probab1ydue 
to two spin-ftllowcd transitions 1 Alg- 1Blg llnd 
1 AJr1 EI& and the !Shoulder near 625 nm is d uc to . · 
1AI 1Al .. H ' a- g transmon . . . \ . :; 

~a apcc:lra of accaaphtLquinoncdioximc and its .. 
palLadium ~lex were taken in potauium bromide ;it 

;.\ 
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with tbe 11ped.ropbotomd~ (spectra in nujol moils 
showed the same featum;}. The Jiga.nd ~hOWl\ strong 
·and broad 11brorption bttnd in the inft11red character
iJtic: of a ( -OH) stre1ching at 3230 em_, and provided 
c:ovideoc:e for strong hydrogen bonding. The dil&p
pcatsnot of this band in the complex points to the 
replncement of hydrogen from ( -OH) group by the 
metal. ... n. 

.The nell! group of bands appeant 1425 (hump) and 
!360 (sharp) fr>r the ligand. They shift to a higher 
frequency region in the metal con~ple:~t a~ appear at 
152."i cm· 1 (sharp) and 1440 em (medJUm sharp). 
Th~ may beduetoa&ymmetricand symmetricC=N 
stretching vibrations respectively 12

·
11

• 

Two sharp bands are observed in the region of 
900-1000 cm· 1 and are precisely located at 990 and 
940 cm··J for the ligand. They shift to a higher fre-
quency region in Pd(AND0)2 and appear at 106? and 
JOJS em ·I respectively. These bands may be assagned 
to N-0 ~!retching vibrations. The most .important 
bands expected to appear in the region 200-600. em ·l 
nrc those due to metal-nitrogen stretching vibrations. 
Pd(ANOO )2 has a medium sharp absorption band_ at 
560 em -J which is assignable to the Pd-N stretchmg 
vibration 14

• Both the ligand and the metal complex 
absorb strongly at 430 em ·1

• But the complex shows 
two additional bands at 325 and 290 c:m·1 which may 
be attributed to 7r(Pd-N) and ~(Pd-N) type 
contributions 1~. 

Very pure and dried metal complex was tak:;n for 
recording TO and DTA studies. The TO curv::! 1ri1cates. 
that there is no loss in weight upto 150°C, The com
pound main!~ decomposes in three steps: fl.r!t~a ~ad
ualloss in weight is observed from 260-360 C. From 
360-370° C the weight loss is very rapid and the com
pound gives a very sharp exothermic peak at-370 ° C. 
The last phase of decomposition occurs in the region 
370-500° C, relatively slowly, with a maximum ~oss at 
about 500° C which corresponds to the formatton. of 
metal oxide. Two exothermic peaks are observed .at 
410° nnd 470°C. Relatively sharper and broader is 
that of higher temperature. 

On the basis of elemental analysis, magnetic 
moment, electronic spectra,IR and farJR spectra, the 
following structure for Pd(ANDO h is suggested. 
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14 Er. tractive-Gravimetric· Dctcm1ination of Nickel (H) · a.11d its 
Separat1on fmrn Binary Mixtures Using Pyridine and Substituted 
Jlyridines. in ThiC'Cyanate System. 

Partha C'hattopadhyay, DARJEELING 

A procedure is describ.!d for er..tra.ctive-gravimetric estimation of 
nick~! (ll) as pyridinefp-picoline,'r-picoline thiocyanates, and its 
~eparation from binary mixtures· containing Cobalt {II), C.opper (II) 
a.nd pal1.1dimn (II). Nickel (II) forms sl.")' blue chlorofon:n soluble 
l<Jmpkx~s with ryridine-:,e-picoline,1:.o-p!.::oline in thiocyanate system 
but fails to do t.~e same when the methyl group isin the oC.-position of 
!.he pyridine ring. For quantitative complexation the required pH 
;·anges are 5.0-6.8, 4.5-6.5 and 4.5-5.2 for pyridine-SCN, p-picoline
:-..C~ and i'-picoline-SCN systems respectively. Ethyl acetate extracts 
quantitatively cobalt (II) and chloroform does similarly for copper (II) 
and palladii.un (II) leaving nickel (II) in the aqueous phase when 
<(-picoiine-SCN and 2:4 6 collidine-SCN are used as extractants-. 
Cobalt (II), copper (!I) and palladiwn (If) demand ·the pH ranges 
LS-7 .5 & 0.5-8.0, 3.5-6.5 & 5.5-8.0 and 3.5-7.0 and 1.2-2.1. for 
... -picoline--SCN and 2:4:6 c.ollidine~SCN respectively for romplete 

_ ~paration . 




