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. CHAPTER # VX

2+MERGAPTOBENZOIC ACID AS AN ANALYPICAL RERGENT
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Literature reveals a number qﬁ -ce&pl&xing agents for
spectrophotometric determination of 'palladium Ia ocuxr lcboratory
Zemercaptobenzolc acid is under investigation to study its
analytical potentisiity. A method has been reported t6 determine
palladium spectrcphotometrically in microgram levels  with . |
the reagents
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IS eci;r hotomnetric meteminatﬁcn of Pal;adim

EXPERTMENTAL

Apparatus and Reacents 's

rbsorbance messuremesnts were carried cud 'wii:h a Shimadzu
PRe] model spectrophotometer fitted with a pelr of mabched guariz
cells of 10 nm optical path lengthe

Palladium chloride (Johason and matthey) (1 g) was
aissolved in conce HCL (1 ml) end czilutéd to 250 ml with distilled
waters This was standardised with dimethyl glyaxzmig A working
sclution of palladium(IX) wéf&“prezbamé by approximate dilution

of the stock socluticn.

A Oei% ethanolic sclution of 2emercaptc benzZoic acid
{Es Merck) was used for the purposes Adjustrent of pH in the
acueous rhase was done by using 0,2 N acetic acid and 0,2 M

sodium zcetate solutich.

Standard sclutions of diverse icns were prepared from
chlorides nitrates as sulphates of metals (in case of caticns)s
end £rom sodium, potassium or ammopium Sslts of the species

concerned (in case of aniong) to study this interfering effects.

All other chemicals used were ©f analytical grade.
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An sppropricte amcunt of palladium solution (20=100g)
was taken in a 10 ml volumestric f£laske To thls was added 0.1%
ethanol:lc sclution (1 ml) of znme_rcaptcbenzoié seid followed by
the atetate buffer (5 ml) (v} 3.5). The volume wes made up with
digtilled water and lzft for 1 min to ensure complete ceag;lexa‘tie;;z
and meximum cclour developments Absoxrbance cof the soluticn :was.
moasured at 420 nm sgainst a reagent blanke mcz;nt of palladium
present was computed from a calibration curve. To study the
interference, the respective foreigm iéns‘ were added prior to

the aédition of reagent znd v@&um‘ make BDe

RESULTS AND DISCUSSICH

absorption snd spectra |

‘.Thg absorption sgact;rum of the /}?xﬁ (11)wZemercaptobenzcig
acid cemplex in aguecus soluticn ageinst the reagent blank taken
28 veference is shown in Fige Le Heximum absm:bsnceﬁ as seen from
the spectyum, cccurs at 420 nme The reagent blank prepared undexr

conditions of the ewperiment absorbs considerably below 380 nm

but the cbsorbance becare insignificent £rom 400 nm auwards. Hence

the wave lencgth of 420 nm was selected for 2ll asnalytical measure=

enNtSe



Effect of pH 3

The effect of cfn colour develcopment was examined by
measuring at 420 nm@ﬁ%%i%ﬁééﬁbaﬁce.mﬁ the palladium complex over
the pi range O=12. Varicus buffers wefei‘aﬁplaye& for the purpose.
The complex exhibits censtent and maximum cbsorbance when the acidity
of the aguecsus phase wes maintained &t pH 3«4, shosing a gradual
decrease in value with increase or decrease in pHe The variastion
of sbsorbance with change in pH the aguecus phase is shown in

Teble 1 end 4 in Fige 2.

Effect of reagent concentrabticn 2

The effect of 2-mexcapto benzoic acid on the colour develop-
rent of the PA(II) complex in the agquecus rhase was studied by
adding different emounts of the reagents, Use of Oed mi of Ouly
ethanolic solution of the reaggent was sufiicdent for maximum golour
development of the aguecus phase (10 ml) containing 43 Kg of
palladiums Use Gf 1@53 than 0,25 ml ¢f the reagent ;_bmbanly rendex
the cumplexasticn incomplete and low sbsorbance velues of the agueous
solution are cbtained. Incressed concentrations, on t;he other hand,
éo not bring sbout any significent chenge in the maximum value of
absorbances However, use Of 1 nl of O.3% ethanolic solutiocn of the
reagent is Qz:eﬁe:}re;d in the proposed method @8 a paré Gi the added
reagent tbay be consumed - 3£ ,ﬁéreign icns are present. Results
cbtained in respect ©f reagent concentraticn are presented in Teble
20 |
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Stability of colours
The ebsorbance of the palladium complex in the aguecus phase
was measured at elepsed intervals of .-,"25, 05, 1, 24 4, 8, 12 and
24 hcurs after the celour deveiopmant at 420 nm egainst the reagent
blank was measured, No change in the eclour intensity was recorded

upto 24 hours (Table 3). The complex is thus, sufficiently stable.

Calibration curves sengitivity and precisicn @

Calibration curve was prepared by standard precedurc.
Different amcunts of palladium were allowed.to intersct with
2emercapto benzoic =cid maintaining all conditions of the given
. progedure. Absorption of the pPdecorplex was measured ab 420 nm
egainst a blénk, A stondaré calibration curve was cbtained by
pl@ﬁting abgorbance vaiues against corrzesponding palla@iizm coneentra-

tions (Table 4, Fide 3)e

The system conforms to Beer*s law over concentrations of
10 ppm of pa:!.?adwm {Table 4,, Pleg 3})e Sandell's sensitivity and
molar absoxptivity of the complex (on the basis of palladium content)
are ‘0._005 /Ag/e%nz ond 1,725 = 3.04- 1 mnlﬁlcmf'z respectively st 420 nm.
This clessif:iés the colcur reactiocn as cne of the most sensitive

for palladium compared with some other existing methods (Table 5).
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Precigion and accursey 3
- The precision and securscy of the proposed method was
tested by snalysing solutions containing a known amcunt of palladium
(II)e The results in Table 6 indicabed the method to be fairly
precise and reprcducibies The total operstion time for each run |

required 1015 min.

Interferenca 4

In & segparate set of experiments a stenderd pallaedium(II)
solution centaining 43 P9 of palladivm in cach case wes mixed with
an scuecus aolyvtion of ope of the foreign specles. Determination
" of palladium was then computed following the reconmended procedure.
The tolerance limit was set-_.. at that smount ©f the foreion material
for which agzyxm;imate;y 3;3 per -cent error would be achieved, The
upper limit of concentration investigsted was, hwévexg restricted
‘f;r;}jt‘;_ha améunt arcund 100 fold excess {(w/w) of the pelladium concenw
trationes The results showing tolermﬁe l,imi-ts' of the forelgn materials

invaatigéteﬁ, are given in Table s

Tolerence limits of some ions heving serdiouzs interference
were improved by using masking agents, Ge«Jes iron({IiI} was masked
with fluoride, lead{Il) with excess eccetate, 2Among the ions tested

rmercuxy (1) has vexy low tolerance limibe
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applicstion to the anelysis of synthetic mixtures 3

In cbsence of xreal samples the proposed method was extended
to some synthetic mixtures to estimete micregram amcunts of pallaw
diume Five different synthetic mixtures were prepored by mixing
solutions of pallsdium(II) with those of platimum(IZl). Rhodium
(IXI), iron(IIx), copper(II), nickel(Ii), cdbolt(II), zinc(Il).
cadnium(Ile m@lybgenwn (V) and veanadium(Vv} :i._n the manner as given
in Teble 8, The amcunt c£ palladivm present in esch sample was then
determined by follawing the recommended procodure. Masking agent

was used wherever necessarVe

- Conclusion s

The present methed foy the spegctrophotometric determination
of palladium is simple, rapid and sensitive. The metal in micreo
guantities can be estimated 'in presence of most of the common ionse
- Influence of gore interfering ions ¢an be overgome. The method is,
therefore, a selective ones Furthermore, the method i precise and
repreducible. The preposed xethod ds tims worthy of finding
epplicaticn for determination of palladium whenver high degree of

precisicn and sensitivity is desired.
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Ta)}le 13 Variatim of .«.bsorbapce with pH of the acuecus rhase
(the aqueous phase (10 ml) contains 43 4g of PA(II)
ané 2 ml of 0.1% ethanolic soluticn of 2=mercsctos

benzoic acid
pH . abmsrbance PH  Absorbance
0,5 . | 0,140 445 0p 660
i.0 0322 5«0 0 650
1.5 0,420 | - 545 0600
240 0.500 640 0,600
2.5 0,510 6e5 0, S50
340 0,668 Y De510
3.5 0,695 8,0 Ca 470

“3.-;1 6 @¢595 ) 91 G oc 4’10
' 10,0 0320

Table 2, Effect of Zemercsptobenzoic acide The aquewu thase
€10 m1) {(pH 3.5) contains 43 Ug of P&. 0,1% ai:hamﬁ:ic
solution of the reagen& was used

aAddition of rbscrbance addition of Abgorbance

reagent added ‘reagent added

in mi : , in mle

0a05 0,340 . 0B ’ 0e695
0410 0e395. . . 0g6 v . 0692
0,15 , . 0,430 DeB ' 0,692
002 Cs 480 1.0 0. 6395
0.25 0,532 145 De 655
0e3 0ed30 : 240 0695
0435 ' 0,680 440 0. 698

0,40 . 'Og 690 Ge O 0; 292
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Teble 3. vea.*:iatim o dhsorbantce with tims

Time in hour , Posorbance

025 _ . 0,695
Ve B ~ 0595
1 0. 692
2 B 04695
4 ‘ | 0s 695
8 : _ - Ds 695
12 | | | Ou 695
24 ~ - . 0.605

PTeble 4, Beerts lag dsta

cén:;entraticm of | | absoxbance
palladium(y_pm) o | | A at 420 mp

1007 ~ | 04240
2015 0,222
322" ¢ 3 S 04 550
4.30 . " - 04695
5,38 Ca890
LS 0e 982
Be60 | : 1,380




Tabla 5

Corperisen of the Method

Reﬁo

Reagent

Iﬁ - A

Molar

Iintexf erence |

absorptiviby

ds Igonitrose X4 HCL 450 3490 3 10° ce', cof, pt", Hg
thioceanphor to : and 5.0

2 Phenothizzine and Ethsnol 3551 and .3,. 542 x w§ end . Pe(IV), aa(IIX),
Promszine medium 450 9. 213 x 10 Fe(11i), cu(Ii),

| m(ﬁ end Hy (11)

Lo  Sodium Ethyle 1,010,0 370 102772 0% xan , (1), zn” (13),
trithiccarbonata ed’ (111), re (z12)8

ns. .(Iz_). co” (1) =nd

. oo

5. Xanthates 10 HGL B0 60 1.9 x10° re', Pb", Bi(II1),

I?H 1‘7' and 465 i»9 = 10 o Xy P (IVJQ Cs (VIII)g
?J‘i Hﬂl ‘Eﬁ 1;76 i 19 @203 Vm&&a‘ﬁ.@,
Bi a9 1.82 x 10% molybdate, N1 (11,

| 1,80 x 10° co” (1), cu(zr)

G. ¥y Cronyede 0sB &0 380 . 3438 ‘-"?15;3 Bel{r11), Ru(IiIl, 2r0{11),
FEEheymS = Ze5 . R citrate, tartrate and
methylchalkonee BDTA
oXIME | .

Prosent method 3ed 1,725 = 10% re" (131), o (n),

420

= magking agents used

L.CG



Tzble Ge Reproducikbility of the method
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palladium -

Mean

Stde Doave

palladium
taken (Gg) Zound ( 4g) V2 S %

2060 2045 15,0
41.5 43,0 42,5 _ .

4340 ~ . 42,25 0,68
41.5 42,0 43,0
64,5 6Ge 0 65,0

C 64,5 65, 25 0, 52

6565 65, 0 65, 5
85.5 84,5 BG5S

86,0 o 86433 1.63
88,5 6840

85,0




229

Table 7, EBffects of divexse ions on the detemmination of 434y
of palladium. Avarasge of thrse determinations was
teken in eech cese

Iion added arpcunt ion zGded Awwrant
: tolerated ' tolerated
Llg ‘ | g

Ascoybate 4000 'Fe.gz;zn* 400
Tartrate . 4000 cuf{ix) 200
Citrate . 4000 e of Spe 4000
Borate 4000 Tu{Iv) 1000
Fluoride 4000 2e(Iv) 1000
Uralate 4000 Mo {VI) - 2000
FOEA 2000 Pofzr)” 400
Thiosulfate 296G Ho{1xd 100
Thiscyaneate 2000 sni{ixd : 4000
Todide 490 viv) . 4000
Phthalate 2000 © AanfIIX) 4000
Arsenste . . 40020 0 mglazy 4000
Bromide 4000 ag{z) 1000
Phosphate ‘ 4000 ca{zzl 4000
Hitrate 4000 Co(Ixl 4900
Zn{3x) 4000 se{11) 4000
Ba(ii) 4300 y{vz) 4000
wi{zx) 4000 Bi(11x) 4000
' o - Pe{avi 4000

Rh{zIz) © 4000

* in presence of £luoride
*In presence Of excess zeetobes



Teble Bs Analysis of Synthetic Mixbures
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HCs Copposition with amount

Palladium found

(in (rg) of esch censtituent)” { L)
1 ‘pd(43), P&(200), Rh(200) 4345, 4440, 4345
2 pa(4s), re(100)", cuf100) | 43.5, 4440, 44.0
3 p3(43), mifzee)g éo(zéos “ - 4345, 4365, 4340
4  Ppa(43), zn(200}, ca(200) '43,9-_5@ 4440e 4340
5 P& (43), Mo(200), V(200) 4340, 4350, 43.5

* in presence of Lluorlde.
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