Asian Journal of Chemistry Vol. 6, No. 4 (1994), 911-916

Amperometric Trace Determination of Cu(Il), Ag(I), Au(IIl),
Pd(I) and Pt(IV) with 2-Mercapto and
3-Mercaptopropanoic acids
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Amperometric determination of trace amounts of Cu(Il), Ag(I),
Au(IIl), Pd(IT) and PYIV) is reported with the help of 2-mercapto-
propanoic acid (RSH) and 3-mercaptopropanoic acid (MPSH) at
d.m.e. Lowest determinable concentration ranges from 3 ppm to
20 ppm depending upon the metal ion. The fundamental reaction
involved in all the cases is complexation. M:L ratio is 1:1 for
Cu(Il), Au(Ill), Pd(II) and Py(IV) when any of the ligands is
employed as titrant; this ratio for Cu(II), however, changes to 1: 2
if the ligand is MPSH. If the metal ion is used as titrant, the M : L
ratio is 1:2 in case of Cu(Il), Au(IlI) and Pd(II) and i:1 in case of
Ag(l). Tolerance for diverse foreign ions has been worked out.

INTRODUCTION

2-Mercaptopropanoic acid (RSH)'™ and 3-mercaptopropanoic acid (MPSH)®°
have often been used as complexing agents and sometimes as analytical
reagents®! for determination of metal ions; in fact, these ligands have been
exploited earlier also for the amperometric determination of a large number of
metal ions in this laboratory'®', The present work was undertaken with a view
to extend the use of these ligands for the amperometric determination of Cu(II),
Ag(), Au(lll), Fd(II) and Pt(IV) in traces at d.m.e. It is noteworthy that the
complexation reaction between these ligands and P{(IV) and MPSH and Au(III)
is being reported for the first time; similarly, the stoichiometry of such reactions
betwen RSH and Au(1IT) and MPSH and Pd(Il) is being reported for the first time,
though the complexation was observed by earlier workers'>!® also.

EXPERIMENTAL

Only analytical grade chemicals and doubly distilled water were used. All the
titrations were performed at d.m.e. (versus SCE) employing a manual polarograph
(Toshniwal, India, Model CLO2AJ. CuSO,4-5H,0, AgNO;, AuCl;, PdCl, and
H,PtClg were used as source compounds of Cu(ll), AgI), Au(IIl), Pd(II) and
Pt(IV) respectively. Au(III), Pd(II) and Pt(IV) were standardized amperometrically
with thiomalic acid'’. RSH and MPSH solutions were prepared afresh daily and
standardized'®. Amperometric determination of metal ion solution of any par-
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ticular concentration was carried out at least thrice. Purified nitrogen was
employed for deaeration. Titration voltages selected fell in the limiting region of
the metal wave or the anodic wave of the ligand or both as specified in Table 1.
KNO; salt bridge, instead of KCl salt bridge was, employed in case of Ag(l).

RESULTS AND DISCUSSION

Both RSH and MPSH are known to undergo reversible, one electron oxidation
at dm.e. in certain supporting electrolytes'®'*2!, Similar anodic waves were
obtained in our media too. All the conditions required for the amperometric
determination of various metal ions as well as complete amperometric data have
been included in Table 1. It may be mentioned that M:L stoichiometry of 1:1
obtained by the authors for the RSH complexes of Cu(Il), when the ligand was
used as titrant, and Ag(I) was the same as reported earlier by other workers
employing techniques other than amperometry"z"n; 1:2 stoichiometry observed
for Cu(II) when the metal ion was used as titrant is understandable as the reaction
was initiated in the excess of the ligand. The colour of Au(III) complex (in acetate
buffer) was also the same as observed earlier by Schoeller and Allardt!® though
the stoichiometry is being reported here for the first time. 1:2 stoichiometry for

“the Pd(IT) complex is also the same as that worked out by Srivastava ef al.! on
the basis of potentiometric study; additional 1:1 ratio obtained by the authors
seems to be due to the fact that the relevant reaction was initiated in presence of
limited amount of the ligand, which was used as titrant.

Fernando et al. "have reported formation of 1 : 2 yellow complex of Cu(II) with
MPSH (same ratio and colour as observed by the authors of this communication)
in the absence of oxygen, a condition very much present during amperometric
titrations. Similarly, 1 : 1 stoichiometry for Ag(I) complex tallies with that reported
by Fernando et al.” potentiometrically. The present authors also concluded from
the nature of the amperometric curve that the Ag(I) complexes formed with RSH
and MPSH were themselves reducible at d.m.e. Height of these complex waves
was proportional to the concentration of Ag(I); the complex waves were also
found to be diffusion controlled though the E;, could not be determined as the
mixture polarograms (containing metal and ligand in various ratios such as 1:3,
1:5 and 1:10) showed an overlapping of the anodic wave of excess ligand and
cathodic wave of complexed Ag(I). Complex formation between Pd(II) and
MPSH (yellow complex) has earlier been reported by Burke and Yoe!® also
though they failed to report any stoichiometry; also the spectrophotometric
method worked out by them on the basis of this colour reaction has serious
limitations'>. Authors of this communication have observed two stoichiometries
for the Pd(IT) complex, 1:1 and 1:2, under different conditions. The higher
stoichiometry obtained, when the metal ion was used as titrant seems to be due
to the initiation of the reacticn in presence of excess of the ligand.

Checking of Interference of Foreign Ions and Selectivity

Study of interference of foreign ions in the new amperometric methods was
carried out for three concentrations of each metal species viz. 5.00 mM, 1.00 mM



Amperometric Trace Determination of Cu, Ag, Au,Pdand Pt 913

Vol. 6, No. 4 (1994)

801°0 o1 1:1 HSdW 090 S¥'0-00'0 08°0-50°0 €0DHEN +£0DeN W1'0  (ADM
9500 01 T 1280 01°0
9500 S 141 HSdN 090 020000 0€£'1-00°0 DXWI'0  (Dpd
9500 (174 Tl 128 0 0€0
$50°0 o1 I:1 HSdN 001 SY'0-02'0 09'1-02°0 IDYHN-EHN WsZ'0 (1)
¥50°0 o1 1:1 HSdW 090 07°0-000 0S°1-000 66'v Hd soyng a1e0y (D (IIDnv
TLO0 o1 11 128 7 0£0 0S°0-02°0 aAem ON HO®BN WI°0 (D3v
$50°0 9 Tl A28 7 090
¥50°0 £ Tl HSdW 090 02°0-000 0v'1-010 YOSTI IO (IDnD
HSJI :puesr-g wed
901°0 01 1:1 HSY 090 S¥'0-000 08°0-500 fOOHEN + f0DTN WI'0  (ADM
9500 o1’ Tl 128 7 010
950°0 S I:1 HSY 090 02°0-000 0€£'1-000 DXWI0  (Dpd
9500 (174 (4R! e 0£0
$50°0 o1 11 HSY 00’1 SY0-0T0 09'1-02°0 IOYHN-tHN Wsz'0 (1)
#50°0 01 I:1 HSY 090 070000 0S°1-000 (66'v HA) }apnq 1m0y (D (IIDnv
TL0°0 01 11 eI SE0 050020 aaem ON HO®EN W10 D3y
#S0°0 9 (4R L) 0 ST'0
#50°0 € I:1 HSY 090 020000 09'1-01°0 (66'v Hd) 19nq ALY (IDRD
HS¥:PuesIT-v ued
uoneIAp wdd g— g— IABM H— 9AEM
pueis PauIuLIglop uonen TN juent] renusjod HSY Jo uoi8a1  [ejou Jo uoigas wnipap L3RI
98BIOAY  -U9OUOD WINWIUIN uonent]  Sunmui dpouy Suniwij spoyie)

VIVA ORILINOYEdINY ANV SNOLLIANOD NOILVILLL

1 9719VL



Asian J. Chem.

914 Agrawal et al.

‘[eIaW JO Jey) saWm O ST UOT USI19I0] USYM USAD IDUISJIANUION = q
‘[e1aW Y3 JO OZ/1 S suot USIAI0] JO UOTIBIIUIOUOD Y} USYM UIAD OUSIIIIIUI SNOLIIS = B ‘SSWIL = ] JUed)] S Uol [BIO = A uenl se HSdN = X

e e e e e ] 1 e ® (IIIA)SO

—_ SN [ SN mn 9N — Tenbo 15 (ADM

e — — o1/1 o1/1 oL/ — e i anrd

— — — — —_ — —_ — — (N3v

e e SU/1 — — — — e sin annv

e e ol/1 e e e e — — ((10e)

13 renba 1 ® ® ] 13 e ® (Imad

U SN Tenbo e o1/ e S/ o1 o1/1 aned

fenbs q q o/t 101 o1/ q q q (nuz

e q q 0z s fenbo wn o1/ 1S (ID'N

sn i q e 01/1 01 o1/1 o1 o1/ (Inod

o1/ fenbs 101 e e e ol1/1 e SU/1 (1med

[enba wmn 15 ® o1/l oz 01/1 e e (a4

® e ® e 13 v e e 13 (IIAUN

o S/ q e fenba 101 IS Si/ q (DU

q q q IS 101 101 IS q q am:

Tenbs e 01/1 € S/l sn o1/1 ® 0T/l (M)A

q q q IS 161 101 q q q amiv

q q q e 101 101 q q q (3K

101 e e e s/ 101 IS S/ s alepqhloN

q 1 1 ol/1 9 q q 01/1 s/ -fom

q q 101 q Y | fenbs q 16 fenba X0

o1/1 A o1/1 o011 S/ e 0z 01 0Z/1 -$0ts

q q q 101 101 01 q q q fON

q q q q q q q q q i)

q q q q q q q q q -£0s

X A X A X X A A X uot uda104
€0DHEN +£0D%N 10 1O W10 IDYHN-£HN WSZ'0 (66'v Hd) 19j3nq S1EIOY HO®BN W10 YOSTI WI1°0 wmnipay
(ADM (Drd Dy (D uot e

HSdN:ANVOIT TaANINYALIA SHIDAdS TVLIW FHL 40 NOLLVILNIONOD FHL

OL LOHd ST HLIM NOILNTOS TTID FHL NI SNOI NOIFIO04 40 NOLLVYLNIONOD FHL 40 LINITEAVS ¢ T19VL



Amperometric Trace Determination of Cu, Ag, Au,Pdand Pt 915

Vol. €, No. 4 (1994)

‘[eIou JO ey} saw (F SI U0l USIAI0J UIYM UIAD IDUIJINUI ON = q
‘[e1oul 3Y) Jo /1 St Suol uSI9I0J JO UOHIBIIUIOUOD AY) USYM UIAI 0UDIDJISIUL SNOLISS = B ‘SOWI] = J JUeNI) SB UOI [e)oul = X Jueni se HSY = X

e e e e e e e e e A_=>vmo
— SN s/ S/ wm s — Tenbo S (ADM
e - — o1/1 o1/1 o1/ — ol/1 o1/ (1Dpd
— — — — — — — - — 13y
e e SiN — — — - € renba nny
e e 01/1 e e [enbo e - - (IDpnd
e 474 474 B 0z/1 e ® e e (1nad
Ul IS S e ol/1 € s/ e s/ (IDpPO
renba q q o/l q o1/1 q [enba q (610074
e q q 01/1 fenbo [enba m (7)1 renba (IDIN
7)1 Tenbo q e o1 q o1 q q (1Inod
o1/1 Ul S e 0T/l L o1 € o1/1 (1nad
[enbo [enba 101 € o1/1 ol/1 o1/1 e q (ID°d
e 1 1 e e e e e 1 (AN
wm q q 01/1 101 51 IS 0z/1 q (DU
q q q S/ 51 51 S S q I
renba e S/t e S/ o1/ oin 0T/l 01/1 (AA
q q q 101 q 101 q q q v
q q q [enba q 51 q Y q (N3
101 SI/1 ol/1 SI/ renba ot/ IS e 01/1  rpqklo
q i1/ i/ fenbs renbo q q 01 q -om
q q 01 q 51 [enbo q 01 01 -*0
o1 wm s o1/ o1 e 0z e e -fots
q q q 101 01 101 q 0Z/1 q fON
q q q q q q q q q o
q q q q q q q q q -fos
X K X K X X K K X uot udiai04
£0DHEN + £0D%N 10 DM 10 IOVHN—EHN WST0 (66’ Hd) Ioynq a1e100y  HOBN WI'0 (66’ Hd) 1913nq eIV wnipsy
(ADM (IDpd (TImny (D3v annd uot [elW

HSY ‘ANVOI'T QININYELAd SHIDES TVLINW

HHL 40 NOLLVILNHONOD FHL OL LO3dSTd HLIM NOLLNTOS TTdD FHL NI SNOI NOIFJOd 40 NOILVILINTIONOD FHL 40 LINITAAVS ¢ FT1dVL



916 Agrawal et al. Asian J. Chem.

and 0.50 mM. Tables 2 and 3 include safe limits of foreign ions in the cell
solution. Non-interfering species did not interfere even when present simul-
taneously in this solution. However, for these selectivity tests, the maximum
concentration of each species taken was 0.25 mM to avoid supersaturation.
Perusal of Table 1 reveals that the use of ligand (instead of metal) as titrant,
whetever feasible, enables one to determine comparatively lower concentrations
of metal solutions. Also, RSH can be termed as slightly more efficient reagent on
the basis of interference studies (Tables 2 and 3).
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