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A procedure is described for the extractive spectrophotometric determination of 
palladium and ruthenium with pheoanthraquioone monotbiosemicarbazone. Palladium 
forms a 1 : 2 complex which is soluble in chloroform and bas au absorption maximum 
at 600 om when extracted from 1M acetic add solution. Ruthenium forms a 1 : 2 
complex which is soluble in chloroform and bas an absorption maximum at 660 om 
when extracted from 2M acetic acid solution. Both complexes are stable aud conform 
to Beer's Lambert law. The molar absorptivity (and Sandell's sensitivity) for 
palladium aad ruthenium are 2.2xl0' 1. mole-• em·• (0.04 l'g/cm•) and 4.74x10' 
1. mole-• em-• (0.02 f'g/cm•) respectively, Tbe proposed method is suitable for 
detection and determination of palladium and ruthenium in the presence of associated 
metal ions. The results of the aaalysls of synthetic mixtures are reported. 

P~FQNANTHRAQUINONE monothiosemicarbazone 
dete~T_) h~s been used for the spectrophotometric 

nonti mmatton of traces of copper in ferrous and 
that ~Q~~ alloys1 • Extension of this study revealed 
photom t . could be used for the extractive spectro
rutheni:~(~nttermination of palladium(II) and 

with two 5 ml portions of chloroform. The chloro
form layer is separated, dried with anhydrous 
sodium sulphate and the absorbance of the green 
coloured complex is measured at 660 nm against 
the reagent blank prepared analogously. The 
palladium and ruthenmm contents are computed 
from the calibration graph. 

Experimental 

lllet1f1jatu)s a_nd reagents : A Zeiss spectrophoto
absorba ena Wtth 1 em silica cell was used for the 
Palladiunce(l measurements. The stock solutions of 
Were rIll X1Q-ll~)an.druthenium(l.68X I0- 11 M) 
dium ~hr~~d by dtssolvmg analytical grade palla
Matthey 0~ e and ruthenium trtchloride (Johnson 
method ' ondon) and standardized by known 
were r 8' The solutions of lower concentration 
so]uti~nepared by appropriate dilutiOn of the stock s. 

(PQrt~)anthraquinone monothiosemicarbazone 
and 0 01 o was synthesized by the reported method 1 

amid~ (J~Wv) or 0.06% solution in dimethyl form
nium e . ) was used for palladium and ruthe
Were 0 ;hma1tt<?ns respectively. All other chemicals 

ana Yttcal grade. 

ing ~s0f~~"J'o : A 10 ml aliquot of solution contain
in DMF IJg ?f palladium, 2 ml of 0.01% PQMT 
for 15 s an<f: acetic acid (1M) is taken and extracted 
The etr ec .With two 5 ml portions of chloroform. 
drous gan~~ phase is separated, dried with anhy
llleasure so tum sulphate and the absorbance is 
Pared i d at 600 nm against the reagent blank pre
of solu~ the same manner. Similarly, 10 ml aliquot 
4·ml of~og containing 10 to 150 l'g of ruthenium, 
is take · 6% PQMT in DMF and acetic acid (2M) 
boiJin n. The mixture is heated for 10 min in a 

8 Water bath, cooled and extracted for 15 sec 

Results and Discussion 

The extraction behaviour of palladium and 
ruthenium from various acidic media is shown in 
Table I. Pd-PQMT complex quantitatively extracts 
into chloroform from 1·3 M acetic acid, hydro
chione acid and perchloric acid solutions. Ru
PQMT complex, however, extracts from 2-3M 
acetic acid, 1-3 M hydrochloric actd and 1·2 M 

TABI.~ !-EXTRACTION OF PAI.LADIUM(II) AND 
RU'l'H:BNIUM{III) CoMPL:BXICS AS A FUNCTION OJ! ACIDITY 

Acid %Extraction Distribution ratio D 
Pd Ru Pd Ru 

OH1.COOH 0.25M 87.7 80.0 7.10 4.0 
0.50M 95.0 67.5 19.23 7.0 
1.00M 100 92.3 "" 13.0 
2·3M 100 100 "" "" 4.00M 82.7 BU 4..8 5.6 

HOI 0.5M 800 85.6 4.0 6.0 
1-8M 100 100 "" "" 4.0M 88.4 88.9 5.0 8.1 

HC104 0.5M 76.0 88.4 S.l 5.0 
1-2M 100 100 "" "" S.OM 100 96.4 "" 26.7 
{.OM 92.0 90.0 11.5 9.0 

H,so. 0.5M 52.4, 400 1.1 0.67 
l.OM 56.0 45.1! 1.27 0.83 
2-3M 60.0 87.3 1.0 0.60 

HN01 O.liM 80.1 15.3 0.4 0.19 
t.OM 88.2 20.0 0.61 0.25 

2--SM St.O 17.0 0,50 0.20 
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perchloric acid solutions. Nitric acid and sulphuric 
acid media are unsuitable for extraction of both 
palladium and ruthenium. The extraction period 
for quantitative extraction of both Pd and Ru is 
only 15 sec. The extracted palladium ani ruthenium 
complexes absorb at 600 and 660 nm respectively 
(Fig. 1) and adheres to Beer's law over the con
centration range of 25 to 180 pg of Pd and 10-150 f.'g 
of Ru/10 ml of organic phase. The molar absorp
tivity and Sandell's sensitivity for Pd-PQMT com
plex is 2.2 x 10s 1. mole-1 cm-1 and 0.04 f.'g/cm s 
respectively. For Ru-PQMT complex, the molar 
absorptivity and Sandell's sensitivity is found to be 
4.74 x 10s 1. mole-1 cm-1 and 0.02 pgfcms res
pectively. The coh;,ur of the complexes is stable 
for 24 hr. 2 ml of 0.01% PQMT solution and 4 ml 
of 0.0~% ~QMT so~ution in DMF is enough for 
quantttatlve extraction of Pd and Ru respectively. 
Excess of reagent had no adverse effect on the 
intensity of the colour. 
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Fig. 1. Absorption spectra of : 
(A) Palladium complex and 
(B) Ruthenium complex. 

The solubility of the palladium and ruthenium 
complexes was tried in different organic solvents. 
Results in Table 2 show that the only effective sol
vents for palladtum and ruthenium extractions are 
chloroform, methyl isobutyl ketone (MIBK), 
isoamyl alcohol and ethyl acetate. 

TABt.llll-EX'rRAC'rJON o:v Pd•PQMT AND Ru-PQMT 
00MPI.:SX:SS WI'l'B VARIOUS ORGANIC SOI.V:SNTS 

FROM 2M AC:S'l'IC ACID SOI,U'l'ION 

Solvent 

Carbon tetrachloride 
Benzene 
Toluene 
Xylene 
Chloroform 
Isoamyl alcohol 
MIBK 
Ethyl acetate 

Extraction% 
Pd Ru 

0 0 
62 60 
48 88 
45 40 

100 100 
100 100 
100 100 
100 100 

Effect of foreign ions : A numbel' of representa~ 
tive ions were tested for their interference in the 

determination of palladium (100 pg) and ruthen~~ 
(50 pg) by thtt recommended procedur~. to 
tolerance limit was set at the amount !eql:ltred In 
cause ( 1% error in metal determmatton. nt 
palladium estimation, ions tolerated are monovale) 
silver (5 mg), bivalent copper (5 mg), cobalt (5 ~:ei 
zinc (5 mg), manganese (5 mg), tin (2 mg), ~1 ·um 
{5 mg), mercury {2.5 mg), trivalent alunlln101d 
(2 mg), bismuth (100 11g), chromium (2.5 mg), g g) 
(2 mg), antimony (I mg), ruthenium {3 Jl1 ) 
rhodium (3 mg), iridium (250 pg), iron (2.5 Jll~i: 
lanthanum (2 mg), quadrivalent tin (150 pg), tag) 
num (3 mg), thorium (250 pg), selenium (50 P >' 
tellunum (100 pg), pentavalent vanadium (2 Jll:), 
hexavalent uranium (5 mg), chromium (5 Jll ), 
osmium (2.5 mg), tartarate (3 mg), citrate (45 Jll:)• 
ascorbate (5 mg), EDTA (5 mg), phosphate ( Jll.d~ 
fluoride (5 mg), bromide (5 mg) and chlort.th 
(5 mg). Lead (500 pg) requires masking . WI 
EDT A. Notable interference is cadmium. Si!fitltJ~ 
in ruthenium el'Ctractions, tolerable ions tnc u Ni 
Ag (500 pg), Mn (600 pg), Sn (1000 pg), Al 
(1500 pg), Pd (100 t-tg), Pb (1500 pg), 
(2000 pg), Cr (300 pg), Au (500 pg), Sb (600 ('j~) 
Rh (300 pg), Ir (200 pg), La (2500 pg), Sn 
(500 pg), Pt (1500 pg), Th (100 pg), Se (300 pg)), 
Te(SOO t-tg), V (500 pg), U (500 pg), Os (250 pg' 
tartarate (1000 pg), citrate (1000 pg), ascor"at{ 
(2500 pg), BDTA (1000 pg), phosphate (800 P:g' 
fluoride (5000 pg), bromide (1500 pg) and cblortdj 
(2000 pg). Mercury (1000 pg) and Iron (500 ~~~ 
require masking With fluoride. 1000 1tg of Zn. an 
300 t-tg of copper also tolerate if masked wlth cttra~~ 
and EDT A respectively. Notable interferenc~ 1 

ruthentum determinations are cobalt, cadwtuJll, 
bismuth and chromwm(VI). 

Composition of extracted species : The composi; 
tion of Pd-PQMT and Ru-PQMT complexes wers 
determined by Job's continuous variatiOn metbo~ 
and the mole rat1o method&. Both metho s 
indicate the formation of a I : 2 complex. Tb! 
dissociation constants, K, of the complexes w:fo 
found to be 1.38 x 10-s for Pd and 4.2 >< 10 
for Ru. 

TABI.:S 8-ANAI.Y'liS OF 8YN'l'B:S'l'IC MIX'l'U:RBS• 

Compos.tlon of Palladium Ruthenium Beht.ti'V& 
mixtures/ P.g recovered reco' ered error 

% % % 
(1) Pd 100, Pt 1000 99.0 1.0 

RulOOO ' 
(2) Pd 100, Co 1000, 98,5 16 

N 1 l 000, Fe 1000 gO (3) Pd 100, Ir 100, 98.0 
Au 100, Pt 100 

1.5 (4) Ru60, Os 100 98.5 
Pd 100, Rh 100 s.o (5) Ru 60, Au 100 97.0 
OB 100 • 

(6) Ru 60, Os 100, 99 2 o.s 
Rh 100, Ir 100 

• Triplicate analysis. 



ICIIASNIS & SHINDB : BXTRACTIVB SPBCTROPHOTOMBTRY OP PALLADIUM(Il} AND RUTHBNIUM(IIl} BTC. 

I Tb~ method is suitable for determination of 
pa lad1um in presence of Pt, Ru, Rh, Co, Ni, Fe, lr 
and Au and that of ruthenium in synthetic mixtures 
containing Os, Pd, Rh, Au and Ir (Table 3). 

The precision of the method is fairly good. The 
~tandard deviation for Pd (100 pg) and Ru (50 pg) is 20%.003 whereas coefficient of variation is 1.5 and 
· respectively. 
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