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Lit.era:t.ure reveals a number o:: compleld.ng agents ,£or 

sp€.-ctror..hotometrtc: determ.L"lation of palladiwn. Zn ou,1; labc.;-ato.;y 

~-mercaptoben~o.tc acid is uncer investigation t.o study its 

analytical potentiality. A method h~ been reported to determine 

palladium spe<;:trophotometrically in miercg.ram levels 

t..lle reagent. 

with. 
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P.bsor.banee measurements t·zere carried out with a Shimaozu 

PR-!t1 rnod.el spectror.Jlotometer fitted td.th a pai~ of ·rnatchea quartz 

cells of 10 nm optical path length~ 

Palladium chlor!de (Johnson and .Ha.ttl'lay) (1 g) was· 

dis$olved J.n ccnc. HCl (l; ml) and dilu.teQ. to 250 ml vlith distilled 

\'later~ This was standardised with ciimethyl glyoxime1~ A t'lo~king 
solution of palladi1lm(I:t) '\11cas,·· pr.epar€..~ l>y approximate d;tlution 

of f;he stoclt solution. 

A 0•1% ethanolic solution of 2•merca.pto benzoic aoid 

(E• t-ierek) ttas used l!or the· puxpose .. p,dju~tment oi pU in t.he 

aqueous phase w~ done by using o. 2 N . acetic: acid end o. 2 .M 

.sodimu ac;etate solut~i'on~ 

stand.ard solutions of diverse ions were prepared from 

chlor.tdes nitrates as sulphates o£ metals (in case o£ cations); 

and £rom sodium, p<>tass.ium or ammonium salts of. the species 

concerned (in case of anion:;:) t.o study this interfering el;:feQt~ •. 
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Determinagon of. :palladiUtR ; 

An apprcpriat:.e amount of palladium solution (20.,..100ft g) 

was ter...en in ~· 10 ml volumetric flaslt. To this was adaed 0.1% 

ethanolic solution (1 ml) of 2-::ne~captobenzoic ac:ld followed by 

the acetate buffer (5 ·ma.J (pH 3.5). ~he volume tfas made up with 

disi;illea ;;~ater end left. for 1 min to ensure complete complexation 

and maximum colour d9veloprnent. ~.bsomance of the solution t>Ias 

_measured at. 420 nm against. a reagent blank. Amount of palladium 

present t'IS.S co:·uputed £1;:om a o:al:J.:b.J:ation curve. 'To study the 

inte.tference;~ the respective .io.re.ign .tens were added I.,:.:>rior to . 

tlle addition of xeagent and volwne make up. 

RESULTS AND DISCUSSION 

/_--_ 

~ne absorption spec::trum_ of the ~l~d (-~~)•2•mercapt.o~nzoic 

eo.td complex in a.qUec•us solution. against the re-agent blank taken 

as reference is sho-vm in F-i!;lo 1,. ~!axinn.tm absorbance as seen :fran 

the spe:otrum~ occurs at. 440 nm. 'lhe :reagent blar.'"lk p.reJ.~ared under 
- . -

conditions of the ~perill'Snt absorbs considerably bel¢W 3_80 nm, 

_but the ~sorbar.""lce becane ina.ignif.ican.t. fJ;"om 400 nm Dnt>?~d$~ Hence 

the t-1ave length of 420 run was selected for aU analytical measure-
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Ef:fect o£ l.?!!.rrr. , '* • J ILL , , 

~he ei:fect of pH en colou;- development was e~amined by 

measuring at; 420 nmj~~~~~bance of t.~e, palladium .;oraplex ov~ 

the pH range 0.12. Various ~uf:fe.rs were\enployed for the purpose. 

~he cow.plex exh.ihits conGtent and m~ <:tPsorbance t11hen. too acidity 

of tlle aqueous phase tvas mej,nt.a!Qed a~ .pli 3•4~ $hOt~ing a gradual 

decrease in value with in~rease Ol:' decrease in pH. The variation 

o:E absorbance witb cba."lge in pli of the aqueous phase· is shewn in 

'J?he. e~fect of; 2..,:teP:::aJ.:rto benzo.tc acid on the colour aevelop .. 

rnent of the P-d(I:I) COlllJ?lex in the aqueous phase vJaa studied by 
' ' 

adding dd.fferent amounts of the :;eagents~ use of o.4 ·ml of o.l% 
ethenolie $Olutj.on of. the reagent was suff1o.i.ent £or maxiinum colour 

development. Of the e~eous phase (10 · ml) oontei.ning: 4:3 ?- 9 of 

palladium• use of less tlaan o.zs ml of the reagent probably render 

so~ution ere. obtained~ In.<;reased ccncentreti.ons., on tbe other hand". 

do not bring abcut any Si9nificent- chenge in the meximtUn value of 

aPsOJZbance., ucwever., use of J; ml o:f .O.l-7& ethanolic solution of the 

reagent ie preferred J.n the proposed n:.ethod as a part Of the a.aeed 

1:eagent may be consumed ..... 4-f .foreign i.cns ere present. Results 

obtained in respect of reagent c.oncentr at.ton ere presented in ~able 

2. 
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Stability o£ COlOU.£0 

The absorbence c£. the palladi.um complex in the aqueou$ phase 

was measured at elapsed intervals of ,...25,. 0 41 5., 1. 2. 4f. a. 12 and 

24 hcurs after t}'l..e colour developm~nt at 420 run against the reagent 

blank t~zas measured. No change .in the colour intsnsi ty \'las l':ecorded 

upto 24 hours (Table 3).. The c:omple::x :i.s thus, ·sUfficiently $t.able.. 

Calibration curve 't>lSS prepared by standard p.rcce4W;a. 

Different amounts of palladil.un were allo;...red.to inter·act. w.ith 

2-mercapto benzoic acid maintaining all conditions o£ the given 

e.gsinst a blen~ A standard calibration curve t-Ias ol:>tatned by 

plotting Sb~orbaqce values against corresponding palladium concentra­

tions (Table 4, F.tg. 3 )., 

:!:'he system conforms to ~eer•s la-r over concentrations o;e 

10 ppm of palladium ('l'able 4~ Fi~.g a.). •. Sandell's sensitivity and 

molar absorptj.vity of the complex. (on the basis 0£ palladium content) 

are 'o.006?91c~2 end 1·~725 x 104 . l rool'"'*1cm-1 respacUvely at. 420 nm. 

This clessi~ies the eolcur reaction as one of the most sensitive 

for palladium C:O!l1Pa!:'ed wit~ some other existing method$ ('Xable S). 
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The precis.ion end acc~rooy ol: tbe preposed method was 

tested by anall(sing solutions ccn·tain1ng a kn~m amount of pal.laotum 

(J:I.l. 'lb~ re.sulta 1n i'eble 6 inOicated the methOd to be ~aia:-ly 

precise and ::eproauc;ible.o ~e "total eperation time :for eaeh .run 

..tnterferenes t 

J:n e separate ~t of ~erirr.ents a $tanderd palle.diu.rn (:tZ-) 

solution containing 43 p- 9 of palladium in each case w~ rrJ.xed t'J'ith 

an ~queous soluticin of . one of the foreign species. Deterw.ination 

of. pall,ad.ium was then computaa £ollcw.tng the .recomu::nded procetiu.+e. 

~he t.oleranGe limit t11as set at that amount of the foreign materiel 

for :rtlhiCh apprcximtl.t$ly + 3 par ·Cent error WOUld be ach.ieve(l. The .. ~-· . 

upper limit of eoncentration investigated t-1as" however.~: restr.i.eted 

to the &1':6\lnt e.rou1;2d 100 :fold ~.:.:cess (w/ti) <;Jf the palladium ecnc;en­

trat:ion., The_l:'esult;s shewing ~olerance lim.its of tbe fo~e.ign mater.ials 

inveat.igated~: .are given in T Sble 1. 

~oler ance limits o;!f some .it'ns having serious inte.x:.ferenc:e . 

were improved by using masking ··agents., e.g.,. 1;l:'qn(I~) \"ISS masked 

with fluoride_. lead(I:t) v1.ith excess e.cai:ate •. ~.mong the. ions tested 

meJ:cury(ii} has very lctw tolerance limi~ . 
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:en ebeence .of .real samples the. proposed met!lo6 was extenCI.ed 

to some synt.l&et:lc mixtures to ~stimate rilJ..crcg.rani enicurits .. of palla­

dium. Five different synthet.tc ~ixi;UJ:es \-Jere P,.repared by mixing 

solutions of palledium(I:.t) t"lith those of p~at.inum(XJ;.h. Rhodium 

(J::tl},. i.ron(.l::t~)-, ccp~r (J:l), a:lickelJI;t), c6balt(ll:), zinc (:tl), 

caan.:ium(~):\0. rnolybdenum(VJ:} and vanOOimn(V) in the manner as given 
? 

in Tsble S... 'l'he &"TTOUnt Oi: pal,ladiurn present in each sanple t'lfa~ then 

dt=te~!ned bJ( foll0t-1ing the recommended procedure,. r.lasking ag-ent 

Conclusion : 

f,tlhe present method for the spectrophotornetric ueterrnination 

of palladium .is simple~ rapic ana sensitive •. The net.al in micro 

quiE!ntities can be estimated :in pr~sence of most ax' the ccnmori ions~ 

It"Af luence of sone inte.r:fer ing iO&lS can be ove.rccrne. 1hsi method is, 

' -· 
application f. 0~ ootel:minaticn . cf palladium tt~henver h.igil oeg.ree ot 

precision and sonsitiv~ty i$ aesir~~ 
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':Cable 1 ; Variation of absorbance with pH of the aqueous phase 
('l'he aqueou$ phase (10 ml) Qonta.ins 43,Ag of Pd(II) 
and 2 m1 of 0•1% et.hanclic solution of ~-mercepto­
benzoic acid 

pii ~Gtb~ce pH Abso~bwce 

- --
o.,s :0.,140 4.J~ O!t660 

1.0 o.~22 s.o 0;,650 

l.S 0.410 s.s 0.600 

2.0 o.soo 6;,d) 0.600 

2.5 ,0,_.6~0 64f5 0~550 
-3.0 0~699 7.0 0.510 

3.5 0~695 81110 0~470 

4.0 0.695 9.0 0-,410 
10 •. 0 o.3lO 

E~fE;;ce of :i*'"I!lercaptobenzoic acid. ~·he aquecU.s phas~ 
(10 ml) (pa s.s> contain~. 43 pg of J?d .. o.l% ethatl()~ie 
solution of the .reagent tt1as used 

--------------·~-:t .... rv. ---- -
Addition of 
reagent added 
in ml 

1bsorbance Addition oi 
' reagent ec;i<led 
in ml. 

---------------=-----------------------------------------------o.os 
0.10 
o.1.s 
o.2 
o •. :as 

.0.;3 

0•3'5 

.0 •. 40 

0.,340 

.0-.395. 

0~430 

o.48o 
o.S32 
~.430 

o.oao 
o.o90 

o.s 0.695 
04[i.6· .· o.692 
o.,.a o-.692 

1~0 o.ES9S 
l~S 0 .. 69$ 

2 ... 0 O~t695 

4 .. 0 0~695 

6.0 o.G92 

- ·-
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'1' .:liDO' in hour 

o.,:as 
o.s 
1 
2 
4 

s 
'l2 
24 

concentration of 
palls~um (ppm) 

.. lll 

1.07 

2 •. 1!> 
.., l')f')' 
.:..-~ 

4.,30 
5.,38 

6_,45 
·a.GO 

• 

o.a95· 
0..695 
0••692 
o._69S 

0~695 

0~69$ 

o.69S 
0~695 

Absorbsnc\il 
at 420 n;~ 

o.a4o 
q,.322 
o.sso 
o.G·9s·· 
·o.a~o 

o.oo2 
1~380 
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ileble s. C<xnperisQn of the .t<~'£lthod 

{ )( l,)"--· 

• ~=-- ~ ---~··-..-.~·cuo-.~~--w•~t__.•·~,_.~ .. ~~-.~~~~--~~--~~~~~~~~~.w_.~~~~-.~--~--~.-.-~.a.-=s-=-* .. c.~**--~~~~~~~.-.-.. -=.e=-~=-
Ref. Re&gent 

"-• 

j. 

4-

~~ 

s. 

Isonit.roso 
thioca:mphor 

Phenotl1i~ine and 
~romez:J.ne· 

Sc:>dium· Ethyl•· 
trithiocerbcna~ 

xanthate$ 

2• -Hyc.~cxy-~ 
merthw.y~5 ,_ 
methylchalltone­
ox.ime 

~reser.\u methCJCl 

·lfi . A IDS:{ ; 

5M HCl 450 
to 

. pH 2.,0 

Ethanol 5$1 ana 
meaiwn 450 

1• 0•10. 0 310 

1 O'i·S HCl t.o 4:60 
PH 2.t0; m~. 
pH 1~,7 · and 465 
2J'1 HCl to 
:Pl'l 7.0 •' 

. 0.,5 to 3SO . 
2~5. 

3·4 420 

11olsr 
'ebsorptivl.:~y 

3. 90 :t 103 

~ •. s4a x aoi end. 
9,.213 )t 10 

' ' 

1~277~, 104 

a.,9 xl~ 
1 •. 9 X 102 

1 .•. 76 X 102 

1.92 X 102 

-l.,eo :c 1o2 

· s.3e ~ l-03 

1.72S .X 104 

~--------------~~~~~~~~~~~~~--·--------------------..---~W4LA-k - --* masking eg~nts used 

Interference 

- * * * CU , Co , l?t , Hg 

end s2o3 

'pt.'(IV·\. AU(l:tX). ., .. _ . - . 
!i'0(lll), CU(J:I):, 

A9 (X) tmd Hg ttl) 

*c -·> *c ' :r~ I:t .. zn . nl'., * - * . 
Q4 (Ill)., Fe (III), 

Nt* (IX)., co* (;I) end 

l(t~ 

* • ( ') Fe ., !Pb ., .Di :Cl;l , 

AU~ Pt.(lV)# Os(VllJ:)M 

~2 <>s., v anadat:,. 
molybdste,. Ni (IJ:), 

* Co (II) • CU (I%) 

~e.(il'X)(! .Rta (-II:tl. ZrO(lJ:l, 
citrate, tartre1te and 
J.m'..fA 

11e* cx:n:J, Pb*<xz), 
-~ 

~ 
l\J 
....:! 
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Table 6. Rep.roducibil.it.y of thenethod 

-~ Palladium· Palladium ~~ean Std~ Dev. 
t.alten Cpg) :found c ft9l f't9' % 

21.5 19.5 21.5 .2"1.0 .20.25 ~96 

2o.o 2o.s 19.0 

41··5 43.0 42.5 
43·0 42.25 o.Ge 

41.~ 42~0 43e0 

64.5 66.0 65 •. 0 
64.,5 65.25 0.52 

65.S 65.0 65.5 
).( 

ss~s 84.,.5 86_.5 
eo.o 

ae •. o 
66.33 1.63 

aa.s e.s.o 

..........,..-. w• ._,0_....... ili$'Ji - "!' ....,. ... .,_-RI ..... Ill • . 



Table ?9c Effects of ttiverse ,ions on tbe dete:t'lf!J.nation of 43 A g 
of palladium. Average of thJree detegminat.ions was 
taken .in each casE;~ 

Ion added MOU~i; 
tolerated 
p.~ 

,.,. llf a_:- ...._ *' .•'lQ. ·mlli:.'O 

Citrate . 
Borate 
Fluoriee 
Or alate 
EmA · 
ThiosuUate 
~hioeyanat.e 

Iodide: 

J?hthala~ 

l'4:Setlat~ 

E~omide 

Phosphate 
Nitrate 
zn(X:,t) 

Be1(li} 

N'(I:t) 

4000 
4000 
4000 

•ooo 
4000 
4000. 

2000 

200 
2000 

400 

2000 
. 4000 

4000 
4000 
4000 

4000 

4000 

4000 

lfe.(X:t::t)• 

CU(II) . . 

Q:(I~;!:) 

'Jm(J:V) 

Z.r(:tv} 

~lo(V!tJ . * 
l?b(.Il'l 

Hg(ll) 
sn(;ti~ 

V(V) 

AU(IIX) 

Mg(Il} 
Ag.(Z} 

OO(li) 
CQ(I:J;) 

sr(lti) 

U(V4;) 

:Si(XUl 
pt(~j 

~(Zl::t) 

~ount 
tolerated 
?-9 

400 

200 

4000 
1000 
1000 

2000 
400 

100 
4000 

4000 

4000 

·4000 

1000 

4000 

4000 
. 4000 

4000 

4WOO 

·4000 

4000 
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--~,---------.---------,----------------------------~-------* in presence of £lutPri6:.! 

• .In presence of excess acetate. 



comoosition witn amount 
(in- p..g) of each ccnstit.ueil~;·-' 

l?al.ladium £ounC: 
·Crg> 
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------~~--------------------------------·~~~----;m----~ 
1 Pd(43) .• Pt(200), l(h(200) 4a.s. 44.o,, 43·5 

' . ' 
~(43)~ " *' c:U(lOO) a Fe(lOO) 1. 43· S· 44.,o. 44.0 ••• 

3 Pd(43)~ Ni(2QO), co(200} 43.5, 43,.5, 43.0 

4 l?d(43l, zn<2ool~ Cd(~OO} 42·5~ 44 •. 0~ 43.0 

5 Pd(43)jf l·!o (200).-: V(200} 43.,.0, 4s.,o. 43 •. 5 

------------~------~-----~~------------------------------* itQ. presence of flu.oriae. 
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