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The electrochemical reduction of potassium ferrate(VI) in 
6N-KOH occurs in three steps, at  approximately  -}-0.3, 
- -  0.7, and - -  1.4 V vs. I-Ig/HgO, 6N-KOH. The first reduc- 
tion appears as a vel tammetr ie  wave on a p la t inum eleetrode 
and the second two are observed as polarographic waves with 
a dropping mercury electrode. Controlled potential  eoulo- 
metric, vol tammetric ,  and ehronopotentiometrie studies in- 
dicate the reduction proceeds stepwise first to iron(III) ,  
then to iron(II} and finally to iron(0). 

I n t r o d u c t i o n  

E lec t rochemica l  me thods  have been r epo r t ed  recent ly  for the  
synthesis  1 and  the  analysis  ~ of ferra te(VI) .  Becarud 3 s tud ied  the  reduc-  
t ion  of po ta s s ium fer ra te  in I O N - K O H  at  a d ropp ing  me rc u ry  e lect rode 
and  a t  a ro t a t i ng  p l a t i n u m  electrode.  I n  the  p resen t  work  the  reduct ion  
of po ta s s imn  fer ra te  was s tud ied  by  d.c. v o l t a m m e t r y ,  contro l led  
po ten t i a l  coulometry ,  and  e h r o n o p o t e n t i o m e t r y  using bo th  me rc u ry  
and  p l a t i n u m  electrodes.  

Experimental 
Potassium ferrate(V1) was prepared by the method of Thompson and 

eoworkers ~, ~ except tha t  centrifugation was used in place of all but  the 
final fi l tration step. The potassium ferrate was analyzed by  the method 
of Schreyer et al. ~ and was found to be 97.8% pure. 

All polarograms were recorded using either a Sargent Polarograph 
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Model X X I  or a Chemtr ix  Single-Sweep Polarographic  Analyzer  System, 
Model SSP-3. 

The  polarographic  cell consisted of a 100 ml beaker  conta ining the  
solution to be analyzed.  Two H-sa l t  bridges wi th  sintered glass fr i t  ends 
and conta in ing  6 N - K O H  were used to provide  electrical  contac t  be tween  
the  polarographic  cell, an in te rmedia te  beaker  conta ining 6 N - K O H ,  and  
the  Hg/I-IgO, 6N-KOtt reference electrode. W h e n  a sa tu ra ted  calomel 
reference electrode was used, the  H-sa l t  bridge conta ined  sa tu ra ted  KC1 
between the  reference electrode and the  in te rmedia te  beaker.  The  mer-  
c u r y - m e r c u r i c  oxide electrode was prepared  as described by  Ives and 
JanzL I t s  potent ia l  as measured  against  a sa tu ra ted  calomel e lectrode 
was found to be - - 0 . 2 0 2  V. All potent ia ls  were measured  re la t ive  to this  
electrode unless otherwise specified. 

The  ehronopoten t iomet r ic  electrolysis cell had  a 1.13 cm 2 area  m e r c u r y  
pool or a 1.26 em 2 area p l a t inum foil ca thode  wi th  a p l a t inum foil anode 
isolated by  a s intered glass frit. 

K O H  solut ion was first  deaera ted  in the  polarographie  or  ehronopo-  
ten t iomet r ie  cell by  passing N2 th rough  the  solut ion for 15 minutes  and 
brought to 25 ~ in a constant temperature water bath prior to the pre- 
paration of the potassium ferrate solution. The potassium ferrate solution 
was then added to the cell, the solution was deaerated for an additional 
one minute, and finally the polarogram or chronopotentiogram was recorded. 

For controlled potential coulometric studies, a Sargent-Slomin Elec- 
trolytic Analyzer was used as the variable potential source. The potential 
of the working electrode versus the Hg/I-IgO, 6N-KOI-I reference electrode 
was monitored by a Heath Vacuum Tube Voltmeter Model EUW 24. The 
current passing through the electrolysis cell was monitored by a Weston 
Analyzer Model 980. 

For controlled potential coulometry, a 15.9 cm 2 mercury pool cathode 
was used. The quantity of electricity consumed in the electrolysis was 
measured with a titration couiometcr s placed in series in the electrolysis 
circuit.  

20 ml  of 6 N - I ( O H  solution was deaera ted  in the  coulometr ie  cell for 
15 minutes  prior  to the  p repara t ion  of the  po tass ium ferrate  solution. 
Pre-eleetrolysis  of the  N O H  solution was carried ou t  by  apply ing  - -  1.50 V 
versus H g / H g O ,  6 N - K O t t  to the  mercu ry  pool electrode unt i l  the  current  
decreased to 1 mA.  l%esidual currents  of app rox ima te ly  0.3, 0.7, and  1.0 m A  
were found for the  potent ia ls  of - - 0 . 1 5 ,  - - 1 . 1 5 ,  and - - 1 . 4 5  V versus 
H g / H g O ,  6 N - K O H ,  rasp. Af te r  placing the  potass ium ferrate  in solution, 
N2 was again passed th rough  the  solut ion for an addi t ional  one minute .  
The t i t r a t ion  coulometer  was connected  in the  circuit  and the  electrolysis 
was s tar ted.  The var iable  au to- t rans former  of the  potent ia l  source was 
ad jus ted  as needed th roughou t  the  electrolysis to keep the working electrode 
potent ia l  a t  the  desired potent ia l  versus the  reference electrode. The  elec- 
trolysis was s topped  when the  current  decayed  to the  residual current .  

g e s u l t s  a n d  D i s c u s s i o n  

A) Polarography and Voltammetry 

A t  a p l a t i n u m  wire  e lec t rode ,  t h e  h a l f - w a v e  p o t e n t i a l  for  t h e  reduc-  

t i on  of 1.52 • 1 0 - 4 M - f e r r a t e  ih  6 N - K O H  was  ~ - 0 . 3 2  V o l t  us ing  t h e  
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Sargent Polarograph and + 0.28 V using fast sweep vol tammetry  
with the Chemtrix Polarograph. Although B e c a r u d  8 reported a second 
reduction wave of potassium ferrate in 10N-KOH at a rotating platinum 
electrode, this was not observed in the present study. 

Polarographic studies of the reduction of 2-5• 10-4M-potassium 
ferrate in 6N-KOII at a dropping mercury electrode showed waves 
with halfwave potentials of ~ 0, --0.68, --0.82, --1.43 V versus 
Hg/I-IgO, 6N-KOH, resp. 

The first reduction process at the d.m.e, occurs at potentials greater 
than those at which the electrode is oxidized. The two intermediate 
reduction waves appear as two waves merged together, and the final 
wave is well-defined; the two intermediate waves are initially a single 
wave that separates into two close waves upon standing (see time 

study below). The wave height ratios were calculated for the initial 
wave, the combined intermediate waves, and the final wave, with 
average values of 3.00:1.45:1.93. These values are approximately 
what is expected for a 3, I, 2 electron change, although the combined 
intermediate waves are somewhat high. The n-values of the separate 
intermediate waves calculated from log-plots were inconclusive (0.9 to 
1.5). The calculated n-value of the final reduction wave obtained from 
log-plots was close to the value of a two-electron change (average 
1.85). 

Diffusion coefficients were calculated using the I l k o v i 6  equation, 
assuming an n-value of 3 for the initial reduction. The average value 
was 0.590 • 10 -5 em2/sec, with an average deviation of 0.018 • 10 -5 cm2/ 
s e e .  

Plots of the net diffusion currents of the initial, combined inter- 
mediate, and final waves (measured at  - -0 .10 ,  - -0 ,92 ,  and - - 1 . 5 0  V 
versus Hg/HgO, 6N-KOH, resp.) as a function of concentration resulted 
in linear calibration curves for 0 to 5 • 10-~M-potassinm ferrate. 

A polarographic s tudy was made of the stability 7.08• 104M- 
potassium ferrate in 6N-KOH. The polarograms of the solution im- 
mediately after preparation indicate the reduction occurs in three 
steps: one reduction occurs in the potential region more positive than  
the anodic oxidation of mercury, the intermediate reduction wave 
occurs at --0.84 V and is drawn out, and the final reduction wave 
occurs at -- 1.46 V and is well-defined. After 24 hours, the intermediate 
wave consisted of two distinct well-defined waves at --0.81 and 

--1.09 V, resp: The same general shape of polarograms was obtained 
at 48, 72~ and 120 hours after the initial preparation of the potassium 
ferrate solution. Decomposition of the potassium ferrate was indicated 
by the change of color from a dark red solution immediately after 
preparation through a pink solution after 24 hours to a colorless solution 
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a f ter  72 hours.  Along wi th  the  decrease of i n t ens i ty  of the  color, a 
p rec ip i t a t e  of ferric oxide was noted.  

The  ha l f -wave  po ten t ia l s  of t h e  reduc t ion  waves increased s l ight ly  
in the  more  nega t ive  d i rec t ion  for the  i n t e rmed ia t e  r educ t ion  waves  
and  remained  cons tan t  for the  f inal  wave  as the  solut ion grew older. 
Fig.  1 is a p lo t  of the  wave  he ight  versus t ime  for the  ini t ial ,  the  two 
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Fig. 1. Wave height versus t ime for the reduction waves of potassium 
ferrate(VI) in 6N-KOH. �9 Ini t ial  Wave. �9 Firs t  In termedia te  Wave.  

Second Intermediate  Wave. [] Final  Wave 

in te rmed ia te ,  and  the  f inal  reduc t ion  waves  of po tass ium ferra te  in 
6 N - K O H .  W a v e  he ight  ra t ios  were not  conclusive. 

Fer r ic  sulfate  in 5.5N-KOI-I gave po la rographic  waves wi th  half- 
wave  po ten t ia l s  of - - 0 . 8 6  and  - - 1 . 4 4  V versus  I-Ig/HgO, 6 N - K O H ,  
corresponding to  reduc t ion  to i ron( I I )  followed b y  reduc t ion  to  the  
meta l .  These are  close to  the  po ten t ia l s  for the  ini t ia l  i n t e rmed ia t e  
and  the  f inal  r educ t ion  waves  of po ta s s ium ferra te  in  6 N - K O H .  The 
wave  he ight  ra t io  of the  two reduc t ion  waves  was a p p r o x i m a t e l y  
1 : 1.8. The E versus log [(ie--i)/i] plots  of the  first  wave  were non- 
l inear,  and  therefore,  no n-values  were calculated.  This wave  was 
d r a w n  ou t  due to  t he  a p p a r e n t  i r revers ib i l i ty  of the  reduct ion .  The  
n-va lue  of the  f inal  r educ t ion  wave  was ca lcu la ted  to  be a p p r o x i m a t e l y  

1.4 f rom log-plots .  
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A summary of the half-wave potentials of potassium ferrate and 
ferric sulfate obtained in this study using different reference electrodes 
and those obtained by Becarud 3 is given in Table 1. All potential values 
are corrected to the S.H.E. reference electrode for comparison. The 
half-wave potentiMs of the two intermediate waves found at the d.m.e. 
are shown separately. 

Since the hag-wave potentials of the ferric sulfate compare very 
closely with those of the intermediate half-wave potentials and final 

Table 1. Comparison o] d.c. Polarographic Results o] Potassium Ferrate( VI ) 
in ION-KOH and 6N-KOH and Ferric Sul/ate in 5.5N-KOH. _411 Half- 
Wave PotentiMs in V Versus S.H.E. Column Headings Indicate Reference 

Electrode Used to Collect Data 

K2FeO4 

10N-KOH 3 6N-KOK 

Ag/Ag+; Ag/Ag+; 8.C.E.; Hg/HgO, S.C.E.; tIg/HgO, 
d.m.e. Pt d.m.e. 6N-KOH; Pt 6N-KOH; 

d.m.e. Pt 

Fe2(SOa)a 

5.5N.NOH 

tIg/KgO, 
6N-KOH; 

d . m . e .  

Initial Wave + 0.43 
Intermediate - -  0,60 - -  0.60 - -  0.67 - -  0.64 
Wave - -  0.79 - -  0.78 
Final Wave - -  1.20 - -  1.41 - -  1.39 

+ 0.36 § 0.36 
--0.82 

- -  1 . 4 0  

half-wave potential of the potassium ferrate, the first reduction step 
appears to be the reduction of ferrate(VI) to iron(III). 

The potential values listed for the first reduction step are signi- 
ficantly more negative than the standard potential of + 0.72 V versus 
S.II.E. for the ferrate(VI)--iron(III) couple in alkaline solution 9, 
indicating an irreversible reduction at the platinum electrode. 

B) Controlled Potential Coulometry 

Controlled potential coulometry was employed to determine the 
n-values for the different reduction steps of potassium ferrate at the 
mercury electrode. 

Table 2 summarizes the results using stepwise electrolysis to obtain 
the n-values of successive waves. The n-values were calculated on the 
basis of the purity of 98.0 per cent of potassium ferrate and the assump- 
tion that  the impurity was ferric oxide. 

The n-value of the first reduction wave was somewhat lower than 

Moaatshef~e ftir Chemie, Bd. 106[3 52 
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the  expec ted  va lue  of three.  This was due  in  p a r t  to chemical  reduc-  
t ion  of some of the  po ta s s ium fer ra te  i m m e d i a t e l y  af ter  the  add i t i on  
of the  po tass ium Ier ra te  to the  6 N - K O H .  Evidence  of this  was the  
color change of the  po tass ium fer ra te  solut ion from red to  b rown a t  
the  mercu ry -po ta s s ium hyd rox ide  interface.  A no the r  fac tor  was the  
decomposi t ion  of the  po ta s s ium ferra te  t h roughou t  the  electrolysis.  
A t  the  comple t ion  of the  electrolysis  a t  - - 0 . 1 5  V versus H g / H g 0 ,  
6 N - K O H  the  solut ion was brm~n in color. 

Table 2. Controlled Potential Coulometric Results ]or Reduction o] 98.0~o 
Pure Potassium Ferrate(VI) in 6N-KOI-I 

Potential ,  
Sample V vs. I-Ig/HgO, 
Number  6N-KOI:f 

Tb 

1 - -  0.20 2.61 
2 - -  0.15 2.46 
3 - -  0.15 2.73 
4 - -  0.15 2.43 

- -  1.15 1.01 
- -  1.45 1.53 

5 - -  0.15 2.65 
- -  1.15 0.99 
- -  1 . 4 5  1 . 7 7  

6 - -  0.15 2.68 
- -  1.15 1.00 
- -  1 . 4 5  1 . 8 2  

The n-value  of the  i n t e rmed ia t e  reduct ion  step was found to be 
ve ry  close to  the  expec ted  value  of a one-electron change. A t  the  
comple t ion  of the  electrolysis  a t  - - 1 . 1 5  V versus Hg/HgO,  6 N - K O H  
the  solut ion was da rk  brown in color. 

The n-va lue  of the  f inal  reduc t ion  wave  was found to be s l ight ly  
lower t h a n  the  expec ted  value  of a two-elec t ron change. Dur ing  the  
final e lectrolysis  the  color of the  solut ion changed f rom da rk  b rown to 
black.  Af te r  the  electrolysis  a t  - -  1.45 V was completed ,  the  resul t ing 
meta l l ic  i ron par t ic les  were a t t r a c t e d  to  the  magne t ic  s t i r r ing bar.  

P lo t s  of log cur ren t  versus t ime  for the  con t ro l led-po ten t ia l  coulo- 
met r ic  analysis  of sample  number  6 y ie lded  n-values  of 2.68, 1.03, 
and  1.84 for the  ini t ial ,  in te rmedia te ,  and  final reduc t ion  waves of 
po ta s s ium fer ra te(VI) ,  resp.,  which compare  f avo rab ly  wi th  the  values  
ob ta ined  using the  t i t r a t i on  coulometer .  
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C) Chronopotentiometry 

The chronopotentiometric results for the reduction of potassium 
ferrate in 6N-KOH at a mercury pool electrode are summarized in 
Table 3. Averages are given for sets of data obtained at different times. 
The potential at one-fourth the transition time for the first reduction 
wave is not listed since the reduction occurs at potentials more positive 
than the oxidation of mercury. The initial potential of the mercury 
pool was zero Volts versus Hg/HgO, 6N-KOH. The potentials at one- 
fourth the transition times for the intermediate and final reduction 
waves of potassium ferrate correspond fairly closely to the half-wave 
potentials of potassium ferrate at the d.m.e. Only one reduction wave 
was noted for the intermediate reduction of potassium ferrate in 6N- 
KOH with chronopotentiometry at a mercury pool electrode. The 
relative deviation of measured v values increased with successive 
waves as expected because of the accumulation of errors in the deter- 
ruination of consecutive transition times. 

The ~ ratios in column five are the ratios of "rl/xl, z~./~l and ~3/zl, 
resp., where the transition times are zl for the initial wave, z2 for the 
intermediate wave, and z3 for the final wave. If potassium ferrate 
in 6N-KOH is assumed to be reduced in steps of 3, 1, and 2 electrons, 
one calculates the following theoretical ratios (1): v2/zl = 0.778 and 
~:3/r = 2.22. The ratio of r in Table 3 appears to be somewhat 
lower than the expected ratio 0.778 for a 3 and 1 electron change. 
However, the value of 0.557 is closer to 0.778 than the closest other 
possible value of z~/~l = 1.25 for a 2, 1, and 3 electron change. The 
reproducibility of z3 determinations was very poor, which led to 
wide range of r ratios. At higher currents (0.5 A) the r ratios 
were lower than the expected ratio of 2.22, while at lower currents 
(0.09-0.24 A) the ratios were larger than 2.22. The average of r 
for 50 runs, mostly at about 0.2 A, was 3.42. The uncertainty in this 
average value prevents a conclusive determination of the number 
of electrons in this step. 

The accuracy and reproducibility of chronopotentiometric measure- 
ments at the mercury pool were poorer than the polarographic measure- 
ments as evidenced by the wide range of diffusion coefficients calculated 
from vl assuming nl = 3, to give a relative average deviation of 27.7% 
compared to 3.05~ for the polarographic data. The average value 
2.82• -5 cme/sec compared to 0.590• from polaro- 
graphic data is probably due to the reaction of the ferrate with the 
mercury pool electrode to form HgO which was subsequently reduced. 

Current reversal studies at the mercury pool electrode were carried 
out.. However, reversal of the current at the transition times of each 

52* 
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of the three reduction waves of potassium ferrate in 6N . KOH resulted 
in the potential dropping directly to nearly zero Volts versus Hg/HgO, 
6N-KOH. This suggests tha t  the reduction processes are either ir- 
reversible or the initial reduction product is destroyed by  a following 
reaction. 

The chronopotentiometric results for the reduction of potassium 
ferrate in 6N-KOH at a plat inum foil electrode are shown in Table 3. 
The potential at one-fourth the transition time of the initial reduc- 
tion wave of approximately + 0.22 V versus Hg/HgO, 6N-KOH is 
somewhat less than the half-wave potential of ~- 0.32 V at  a s tat ionary 
platinum electrode. The origin of the second chronopotentiometric 
reduction wave at - - 0 . 1 2  to - - 0 . 1 4  V is unknown. The intermediate 
wave of E~/4 of - - 0 . 8 8  to - - 0 . 9 2  V was obtained on several of the 
chronopotentiograms. The i':I/'~/C values of the reduction of potassium 
ferrate at the platinum foil electrode were more precise than those 

for the mercury pool electrode. Because of the unknown step at -- 0.12 V, 
no quantitative conclusion can be drawn from the ratios. 

The diffusion coefficient calculated from the plat inum foil electrode 
data gave an average value of 0.367• 10 -5 cm2/sec with a relative 
average deviation of 0.031• (8.4%) compares more 
favorably with the polarographic results. 

A c k n o w l e d g e m e n t  
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