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Abstract 

Semicarbazones are infrequently utilized in the spectrophotornetric detcmination of 
metal ions. A survey of literature'.' revrtals that indanetriooe derivatives of semicarba- 
ride are not reported so far. Hence an attempt is made for the synthesis and 
characterization of indane-1,2.3-trione n~onosemicarbazone (ITMS). ITMS reacts with a 
few metal ions and is found to he particuiasly selective and sensitive reagent for the 
Vectrophotometric determination of copperfll) and palladium(l1). 

Beckman DIJ-2 ~pectrophotonnet~r, Perkin Elmer 983 G Infrared spectrometer an1 
ELICO pH-meter (Model el-120) were used in the present study. IR spectra wer 
obtained by preparing KBr discs of the solid sabstances. 

ITMS (1 X lo--' M) reagent solution was prepared in dimethylformamide. 



Coppmb(&8) suiphate pentaiiydrate (AR, bDIi) and pal:adir;x(l:) chloride (AR) wel 

for preparing stock solutions of copper(l1) and paliadium(LP) resaectively. Thes 
solutions were sla.ndard!zed". 

All reagents used were of andyt~cal grade 

3. Synthesis, chasarterEzatiow and properties of BTh4S 

A mixture of 0.02 mole of ninhydrin (I) ic ethyl alcohol and 0.02 mole of semicarhazid 
hydrochloride (PI) in water was taken in a 250-ml rotand bottom flask and warmed on 
water bath for 30 min. Yellow coioured pmduc? was separated on  cooling the reactio 
mixture in the flask. The product was recovered by vacuum filtration and rccrystailize 
from absolute ethanol. m.p. 234-237°C. The infrarcd spectra was consistent with tt 
structure (111) of ITMS. 

The reagent has solubilitiec in dirnethylhrmamide, methanol, ethanol, carbo 
hetra~hlonide, chloroform, benzene and n-amyl alcohol 01 4.10,0.25,0.20,0.1 I ,  0.12,0. 
and 0.10 gll respectivcly. Ne visible coiour reactions were obscrved for 25 cations teste 
except for copper(lil), palladium(II), Au(IIi) [c: = 1 . 9 8 ~  lo3 at 335 nm in pH 2.01 an 
Os(VT11) It-= 2.1 x 103 at 340 mm in pH3 5.01. 

4. Analytical procedures 

Determii~arion of copper: Samples were prepared in 25-mi calibrated flasks hy takin 
10 ml of sodium acetate-acetic acid (pH 4.2) buffer solution, 0.32-3.43 ppm c 
copper(II), 2.5 ml of dimethylformamide and 2 . h I  of 1x 1W2 M YTMS solut~or! 
Solutions were diluted lo volume in 25-1111 volumetric flask and absorbance was measure1 



,t 355 against reagent bhnR pri'pzrrcd under ideiiticai conditions. ~ ~ ~ { ~ i i ~ ~ l  
prepared similarly. 

Slmu[taneous deteminufion of copper rirrd p a ~ l ~ d i m ;  Coppzr(I1) [3 x l V 4  M, 1.0-4.0 &] 
and E2.5X lo-" 7 .()-4.0 in;] soiutions were added keeping the 
totalvolume constant at 5.0 mi in a set oi 25-~nl calibrated flasks, each ccotaining 10 rnl 
of buffer solutions of pH 4.5 :md 2.5 ml of DMF. Rmgcnt solution (I x 10-' M, 2.5 ml) 
was added to each flask and diluted to volume with watcr and absorbance [k(Cu+PdJ 
measured at 355 nm aqd 360 nm against reagent blank. In :mother set of 25m1 calibrated 
flasks   den tical solutions wwe preparcti each containing 0.5 rnl of thiocyanate 
(2x10K2 M) which masks palladium if it is atlded prim. to the addition of ITMS solution. 
The absorbance [Ac,] of thcse so lu t im  was n~easured at 355 and 360 nm against a 
reagent blank. Tbc vaiues at 355 nm wcrc referred to the analytical curve prepared in the 
copper determination. Palladiuni car) be estilrialed using ihe difference in absorbance 
vahes at 360 nm for solutions containing with anti without lhiocyanate. 

Amount of copper (tn pprn) - Ac,,x5.0d7 (1) 

5. Besulds and discossion 

Various physico-chemical and analytical properties of copper and palladium complexes 
of ITMS are summarized in Table I. The colour formation reactions are instantaneous 
and complexes are stable for iwo days in the presence of 10% aqueous DMF. The order 
ofaddition of constituents [metal ion (Cu" or Pd2+), buffer and reagent] has no effect 
on the absorbance provided that DMF is added prior to the addition of ITMS sotution. 

Synthesis and chuructc,rizariopi o f  complaes: Elemental and infrared spectral data"? of 
ITMS and its copper and p;tlle:iium conlplexcs are given in Table 11. Infrared data for 
uC= N and vNHz suggest the participation of azomethine nitrogen atom4 and 
terminal nitrogen' alomS.* in chelation. 

Effect of foreign ions: Various ions were examined for their effect on the determination 
0f3.17 Ppm of copper(l1) and 3.40 ppm of palladium(lI). The tolerance limit was taken 
as the amount of foreign ion required to cause &2% error in the absorbance. Of the 50 
ions studied, only chromiua(VL) intcrlers (may be hecause of its oxidizing property'? 
under chosen experimental conditions for copper and palladium determination. Larger 
mounts of iron(lI1) (235 ppm in Cu-system and 117 ppnl in Pd-system) can be masked 



Table H 
Physieo-cbemieal avrd mnky(6cah askasacteoistics ef 
caemplexcs 

, -- 
Characteristic Cu-compk; Pd-complcx 

Colour Yellour Brownish red 
A,,,(nm) 355 360 
Moi of reagent requ~rcd per moi 15 15 
of metal ion 
Optimum pH range 3.5-5.0 4.0-5.2; 
Beer's iaw validity range (pptn) 0.32-3.19 0.85-7.M 
Optimum concentration range 0.95-3.17 1.70-5.96 
as evaluaied from Ringborn's plot 

( P P ~ )  
Molar absorptivity l . 2 j x 1 0 ~  7.21 x 10' 
(1 mol-' cm-') 
Composition (M: L) 1 : 2  1 : 1  
(Job's and Mule ratio methods) 
Standard deviation' 0.0089t 0.0431% 

* For 10 replicate detcrminat~on; t In the dctemrnation of 3.17 ppm of 
copper; i In the determination of 3.40 ppm of palladium 

Table I1 
Andyticai md infrared spectral data d ETMS and its copper and pailladiaam coraplexes 

1TMSiCompkx Fuund (Calc.) % InIrared spcctral data ( v ;  cm-') Assignment 

M C ti ITMS Cu-complex Pd-complex 

C,oH&O, - 55.38 3.15 3393 3261 3251 vNN:,' 
(55.29) (3.25) 3326 3233 3231 

3259 - - 
[Cu(C,,H,N3O3),SO4]' 10.50 40.51 2.15 1679 1650 1650 vC=Nd 

(10.69) (40 42) (2.37) 

[Pd(C,,H,N30~)C12]t 26.91 30 97 1.75 1718 1719 1718 v( C=o) 
(26.98) (30.45) (1.79) (Indane ring) 

480 561 vM-N7 
441 - 

300 I&-CL' 

* and t pH at which isolated 4.2 and 5.0 respectively. 

with 760 ppm of sodium fluoride. In the presence of 23 ppm of thiocyanate 5 ppm of 
palladium can be masked in copper determination. A 9-fold excess of glatinum(lV) does 
not interfere in the presence of 280 ppm of oxalate in copper system. The tolerance limit 
for other associated ions are listed in Table 111. 



Table 
Tolerance limit QP fmign lorn in the tk~ermination of 3.17 ppao of coppec( i~~ snd 
3.4 ppm of palBaaBlaal:3J) 

- -. -- -. -- . 

Fluonde 1XlO l%N 
Chloride 709 ti'% 
Bromide 1120 86'3 
iodide 1269 1 0 ~ 6  
Phosphate 760 436 
Sulphate 106 

. < 
i .) 

Nitrate 1 2 4  i P i )  
Oxalate 352 528 
Thiocyanate ?U - 
Thiaulphate 8 77 
lluourea 30 I 
Tetraborate 1411 1411 
Cftrate 230 I 72 
Tmrate 7?h 1105 
Chluratc 167 167 
Bromate 154 1 52 
lodate 210 280 
Borate 235 111 
w') 1 X 
cr(frr) 52 42 
CrW) 0.2 0.2 
'WI) 66 484 

' In the Presence of 76G ppm ot sodium fluoride; t I n  ihc procncc of MI pprn of rhiosulphate; $ In the 
Presents of Z ppm of thiocy:matc; I In thc pescrrce of 280 pym of oralate. 

niocyanate, which interferes seriously in the determination of palladium(II), is highly 
useful as a masking agent for masking pailadium(I1) in the determination of copper@) 
using IThfS. Results obtained for the simultaneous determination of copper@) and 
palladium(11) using thiocyanate as masking agent are presented in Table R. 

Determination of copper in ferrous m~trrial: ~er rous  material sample soli~lion was 
Prepared by following the procedure given in literature9. A sample contai~ing 0.5 g of 
ferrous material was dissolved in 25 ml of l : 1 hydrochloric acid and 2.5 ml of nitric 
acid. The solution was evaporated to dryness with several soccessive additions of 
hydrochloric acid. The residue was taken in water, neutralised with ammonium 
hydroxide, filtered and diluted to 100 ml in a volumetric flask. 
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Table iiY 
Simaltamous determination of copper and paiiadium kaa a miatuse 

Sample Amount of metal Amount 01 nlctal Error %, 
no. ion addedlpprn ion foundippm 

- 
Copper Palladium Copper Palladium Copper Palladium 

Table V 
Analysis of ferrous material 

Ferrous material Volulnz Amount of copper Error 
(ml) ( P P )  70 

Taken Found* 

M o y  cast iron? 1.0 1.27 1.24 -2.36 
1.5 1.90 1.92 +1.05 
2 0  2.54 2.50 -157 
2.5 3.17 3 20 +O.Y5 

' Average of three detcrmiaations; .E Cornpositmu: Mn 0.63%, 
Cr 0.5?%, Mo 0.48%. Ni 2.38% and Cu 154%. 

To 10 ml of buffer solution of pH 4.2,2 ml of 1.0 M sodium fluoride, sample solution 
(in the opt~munl concentration range), 2.5 ml of DMF and 2.0 ml of 1 x I F 2  M IThilS 
solution were added. The solution was diluted to volume (25 ml) and the absorbance was 
measured at 355 nm against a reagent blank. The results are presented in Table V. 

7. Conclusions 

From the above discussion, it can be concluded that ITMS is a potential reagent for the 
spectrophotometric determination of copper(I1) and palladium(l1). The reagent is very 
easy to synthesize and purify. The most favourable characteristic of l a U S  is its high 
specificity towards copper(I1) and palladium(I1) as no other metal ion in the first and 
the second row transition series is found to give colour reaction with the reagent. The 
d ~ u r  reactions with CuL+ and PdZ+ are rapid and the absorbance of both the complexes 
adheres to Beer's law over a wide range of metal ion (pdZ+ or cuZ+) concentration 
Moreover, the present methods are simple without a need for heating or extraction or 
m y  incubation period for full colour development. 
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