
The value of carbon paste clcctroclcs for anodic oxiclations has been firmly estab- 
lishcci’ -3. Since this electrode material showed a considcrabic hycirogcn overpotcn- 
tial, the Izdcntinlitics for cathodic reductions were invcsti@d in detail. The results 
wcrc most promising and establish carbon paste as a practical, dual-purpose clectrocie 
material. Nujol pastes, as dcscribccl previously, were used in this study. Such elcc- 
trodcs are clcsignatccl CE-N j Pa. 

Current -voltage curves were run in :L variety of supporting electrolytes to establish 
the usuable cathodic potential range over which the CE-Nj I’ could bc used. Fig. I 
shows typical result& The greatest range is, of course, obtained in neutral and basic 
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Fig. I, Typicd cathodic background runs for Cl<-NjI’. 
A. x M pcrchlnric acid; 
R. 1 ill hydrochloric acid: 
C. I: IVI sodium acCtiLtc--mX?tic acid; 
I>. I nq sodium perchtoratc; 
@. I nf potassium chtoride: 
t;, s M potnssium nitrate; 
G. I M ammonia-nmmonium chtorictc ; 
l-1. I N sodium hydroxitlc. 
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media. In general, the cathodic range extends to ccz. -1.2 to --I .4 V zts. S.C.E., 
excluding strong acid media. This, of course, is not as great as mercury, but is a 
decided improvement over noble metals. 

However, a relatively small but non-removable residual current is found on the 
cathodic side with the CE-NjP. This can be seen in Fig. I as the small wave between 
-0.4 and -0.6 V. This is a marked contrast to the anodic residual current which is 
almost nil up to the onset of background oxidation. Attempts to remove this residual 
current completely were not successful. It appears to be an oxygen wave, as suggested 
by the PH dependence and the fact that it decreases significantly on thorough 
deaeration. It was reasoned that it was due to oxygen in the paste itself which 
obviously could not be rcmovcd completely by solution deaeration. Accordingly, the 
Sujol was dcaerated before mixing, and, in other attempts, the carbon was degasscd 
and then an attempt made to sorb nitrogen on the carbon at low temperatures. None 
of these treatments (in addition to others) conr~%tety eliminated the residual current 
and it is believed that the mixing process which obviously is most conveniently done 
in the ordinary atmosphere tvould reintroduce oxygen in the paste even after the 
most careful removal. 

Fortunately, the residual wvc has a very flat plateau and it was found that cathodic 
reductions could be carried out “on top” of this wave, i.e,, using it as a base line for 
peak current measurements. In fact, although low level clctcrminations are difficult 
by direct cathodic reduction, otherwise the residual current is not troublesome at all. 
All electroactivc species studied were fo- 3 M or greater in concentration. 

(N) IZedtcctio?t of m&t ions 

Figure z illustrates analytical results for the reduction of cadmium (II) in I M 
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potassium chloride as an example of a reduction carried out “on top” of the residual 
current, ‘The lower line is for data directly from a Leeds and Northrup Electro- 
chemograph with a scan rate of 200 mV/min. The upper curve represents the peak 
currents corrected for iR drop by the method of L)ELAHAY AND STXEHL~. Either Sine 
functions satisfactorily as a working curve but the advantages of a controlled poten- 
tial poiarograph are obvious. Satisfactory results similar to that of Fig. z were obtained 
for other metal ion systems. 

In all metal ion reductions, anodic stripping procedures were checked. That most 
of the reductions involved deposition as the metal was evident from the fact that the 
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anodic peak current (ip) was far greater than that expected if the re-oxidation process 
involved a solution component. Further, after reduction, the solutions were stirred 
to destroy any concentration gradients at the electrode before re-oxidation. Figure 3 
shows a typical example of a cathodic reduction and the corresponding anodic 
stripping for thallium in an ammonia-ammonium chloride buffer. No attempts were 
made to carry out extensive quantitative studies of the anodic stripping. The theory 
and utility of such processes is well established and applications are straightforward. 
Obviously, for metal ions, the use of anodic stripping completely eliminates any 
worry about the carbon paste residual current while, at the same time, it affords far 
greater sensitivity. 

Table I summarizes the Ep/3 values for some typical metal ion reductions in a 
variety of background electrolytes. Specific points of interest on the individual systems 
arc discussed briefly below. 

Uismcllz(ZZ1). In general the reproducibility of i,, for bismutll(II1) reductions was 
good in all media. However, when the same electrode surface was used for several 
runs, theEp,z tended to shift slightly and then become stabilized. This shift in pcr- 
chlorate media was toward more cathodic potentials but toward anodic values in 
hydrochloric acid. Excellent stripping patterns were obtained in perchlorate, chloride 
and acetate media. 

Y‘in(ZZ). The reduction of tin(II) in I Icf hydrochloric and perchloric acids and 
I &I sodium perchlorate was successful. However, no reduction was obtained in I 111 
sodium hyclroxicle. Satisfrrctory stripping patterns were obtained in both chloride 
and pcrchloratc backgrounds. 

CoDrclt(Z1). ‘I’llc rccluction of cobalt(rC) was possible in I 119 sodium pcrchloratc, I nl 
potassium chloride, ancl ammonia-ammonium chloride medium but no reduction 
wave’s were obtained in I &I hydrochloric or pcrchloric acids. 

Tllc shape of the cobalt(I1) reduction wave was very non-reproducible. Anoclic 
strippings in both ammoniacal and pcrchloratc media vcrificd m&al deposition. 

Zro~(Zl). Iron(H) could bc reduced in I M potassium chloride, I A4 sodium pcr- 
chlorate and 0.2 M sodium sulfate media. In all three supporting electrolytes, anodic 
stripping patterns confirmccl the prcscnce of deposited metal. 

h’ickel(ZZ). Nickel ion rccluction is one of the most intcrcsting studies at the carbon 
paste electrode. A well-dcfincd reduction peak was obtained in I M potassium nitrate. 
After deposition, the electrode was removed from solution, rinsed with distilled water 
and anodically stripped into sodium acetate containing dimethylglyoximc. No red 
color appeared until the potential ncccssary for stripping was applied showing 
definitely the metal had been dcpositcd. 

The interesting feature of the nickel(H)-nickel metal system is the extremely 
large degree of irreversibility. Thus, the Ep,2 for reduction is -0.97 V ‘us. S.C.E. The 
anodic stripping occurs at about i-1.0 V vs. S.C.E. - about z V between the two 
processes. Clearly such an observation would be difficult to make at any other clec- 
trocle. 

The reductions of cadmium(II) and lead(X) were conventional in all respects and 
copper(X) showed stcpwisc reduction to copper(I) and the metal. 

A comparison of E p/~ values at the CE-NjP with El/z’s at the D.M.E. afford some 
interesting observations. In nearly all cases the Ep/2 for a given metal ion reduction 
at CE-NjP is different from that at the D.M.E., as well could be expected. For 
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thallium(I), cadmium(fI), and Icad( the reduction is at more cathodic potentials 
for CE-NjP. However, cobalt(I1) and iron deposit at more anodic potentials on 
carbon paste, Xt is interesting to note that the former group of metals readily form 
amalgams with mercury while ddt(rrj and iron(U) do not form amalgams readily. 
Further interpretation of such results must await more careful studies of these and 
other metal ion systems, 

Although metal ion reduction potcntiais at carbon paste differ from those at the 
D.M.E., they are relatively rcproducihle and in no way hamper analytical applica- 
tions, It is safe to conclude that a number of metal ions can be determined success- 
fully at the CE-Nj 1’ either by cathodic reduction or anodic stripping. If one examines 
all the metal ions studied herein, a reproclueibility of + zo mV is the best that can be 
claimed for E B,2 vuiucs. ‘I’hus for analytical work the annclic stripping technique would 
bc rccommendccl. 

The cathodic range of the CE-NjP obviously wiil not ~~110~ as wide a spectrum of 
organic reductions to be accomplished as is possible with the D.M.E. However, 
determinations of easily reducible groups like the nitro function arc quite possible. 
‘To indicate the potcnti;~l scope, ‘L’able xr r;lwws results on a variety of aromatic and 
aliphatic nitro compounds. rn almost all cases, as was expected, the reductions were 
irreversible, but the peak polarograms were well defined and suitable for analytical 
determinations. 
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The utilityof carbon l)iLStC clcctrocks for xnctnl ion redticti0ria and nnoclic strippin& voltammotryis 
clcnmnstrntctl. In wlditi0n certain organic rccluctiona cm bc wxornplislwcl. Extension of tlic use 
of carbon clcctrorlcs to the cnthodic rnngo shows that this clcctroclc hiis EL wide rnngc of potcatial 
qq~lications, For ;rnotlic oxiclationn, tllc CXrlJOIl paste olcctrodc is pcrhnps tlw most vcrliatilc atlcl 
useful stntionnry clectrodc nv;iilat~ie; it posscsscs pmcticnlly zero rrriottic rcuitlual currfnt nnd 
readily rcproclt~ciblc stwfwcs , and $3 sitnpfc to prcparc and use. On the cirthoctic sick cstrbon paatcs 
arc linlitcd by CL non-rctnovnbic rcsidurrl current but this difficulty scctm rcdily circumvented. 

Lcs dlectrodcs cn p’:ltc dc cnrbonc convicnncnt trhs bicn pour lcs rdductions cl’ions n~9tnlliquos ct 
pour la voltiunriidtrie anodiquc (“stripping voltnmmctry”). En plus, ccrtaincs rckluctionu organi- 
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qucs peuvcnt Ctrc affccturfus. Ccs c”lectrodcv pr&sentent de notnbreux avantagw;: un courcrnt 

r&i&xl anadiquc pratiqucmtnt nui, dcs surfaccv bion rcproductiblcs; d’autre part, elfcs sont 
facile3 h pr&piwcr. 

ES tvird gczcigt. doss sich ~~ol~lunfmstc-Elektrodcrl fiir die Reduktion van XIctalfen und anodische 
"stril3pinR" vnItammctrie schr gut cigncn. Ausscrdcm kBnncn damit Rcduktionen gcwisscr 
ttrganischer Vcrbindungcn crziult werden. fCohlenpaute-Elcktrod~n zcigcn im kathodischcn 
Ecrcich cinc weitc XnwcndungYrnOgli~l~l~~it. Sic zcigt prulrtisch kcinen nnodischcn Reststrom, 
bcsitnt cinc gut rcproduzicrbarc Obcrfliichc und ist Icicht hcrzustcllcn. Ihrc Anwcndung als 
Kathodc ist ctwns begrcnzt wegen cincm nicht cntfcrnbarcn Rcststrom. 


