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Potas s ium p e r m a n g a n a t e  is a powerful  oxidis ing agent ,  whose r educ t ion  
in an  acid  solut ion proceeds  as:  

MnO 4- ~- 8H + ~- 5 e --~ ~ n  ++ § 4H20.  

Sulphur ic  ac id  is the  mos t  su i tab le  acid, as i t  has  no ac t ion  upon  per-  
m a n g a n a t e  in d i lu te  solut ion;  wi th  hydrochlor ic  acid  the re  is t he  l ikeli-  
hood of  the  reac t ion  9 

2 K M n O  4 + 16HCI = 2KC1 § 2MnC12 ~- 5C12 ~- 8H20 

t ak ing  place  and  some p e r m a n g a n a t e  m a y  be consumed in t he  fo rma t ion  
of  chlorine, which is a powerful  oxidis ing agent  capable  of  oxidis ing red  
phosphorus  dras t ica l ly ,  especia l ly  when suspended  in solut ion 6, and  
hence an hydrochlor ic  acid  m e d i u m  can n o r m a l l y  in ter fere  wi th  t he  
P -KMn04  react ion .  

Numerous  ox ida t ion  s tudies  wi th  po ta s s ium p e r m a n g a n a t e  led the  
above  au thors  to  inves t iga te  t he  poss ib i l i ty  of  using i t  for the  ox ida t ion  
of red  phosphorus  to  phosphor ic  acid. E v e n  though  SLATER v sugges ted  
the  use of  yel low phosphorus  as a r e d u c t a n t  in the  reduc t ion  of per-  
m a n g a n a t e  to  manganese  d ioxide  and  ROSE~STEr~r 5 observed  t h a t  
solut ions of p e r m a n g a n a t e s  are  r educed  to  manganous  sal ts  b y  a few 
minu tes  boi l ing wi th  r ed  phosphorus ,  t he  ava i lab le  in fo rmat ion  in the  
l i t e r a tu re  abou t  the  q u a n t i t a t i v e  ox ida t ion  of  red  phosphorus  b y  per-  
m a n g a n a t e  is meagre .  
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The add i t i on  of acidified po ta s s ium p e r m a n g a n a t e  solut ion to  red  
phosphorus  leads  to i ts  g r adua l  d i sappea rance  accompan ied  wi th  a 
s imul taneous  fading  of  the  p ink  colour of  the  pe rmangana te .  The  r a t e  of  
the  above  change is m e a s u r a b l y  slow a t  o rd ina ry  t e m p e r a t u r e s  and  wi th  
excess of  pe rmangana t e ,  comple te  ox ida t ion  of  red  phosphorus  could be 
effected. 

The p resen t  work  was therefore  u n d e r t a k e n  to  s t u d y  the  fac tors  
affecting th is  reac t ion  and  to  de te rmine  i ts  app l i cab i l i t y  to  the  de ter -  
m ina t ion  of  e l e m e n t a r y  phosphorus .  

Experimental 
Red phosphorus of B.D.It .  laboratory reagent grade quality was purified by 

:BuEHRER and SenvPPs method S and subsequently by the copper phosphide pro- 
eess ~. Its purity was checked by the bromate procedure 4. s. 

An accurately weighed quantity (0.02--0.03 gm.) of the sample of red P was 
introduced in a ground glass stoppered Erlenmeyer flask to which a known excess 
of standard potassium permanganate solution (75 ml. N/6) was added, followed by 
the required quantity of dilute sulphuric acid (25 ml. 4N), so as to maintain the 
overall acidity of the system at or about 1N su]phuric acid. The flask containing 
the red P and permanganate and sulphuric acid solutions was maintained at a 
desired constant temperature for nearly 30 minutes before commencing the reaction, 
as also during the course of subsequent observations in an electrically heated 
thermostat fitted with an accurately calibrated automatic thermoregulator or in an 
ice-cooled bath, for low temperatures. The contents of the flask were swirled from 
time to time and an aliquot portion (2 ml.) of the clear supernatent solution was 
pipetted out carefully at different time intervals into known excess of ferrous 
ammonium sulphate solution (10 ml. 0.05 N) to arrest the reaction and the ferrous 
ammonium sulphate left over was titrated against standard potassium permanga- 
nate 1~ Series of experiments were carried out at different temperatures, viz., 0, 10, 
20, 30 and 40 ~ C using the same concentrations and also by varying the concen- 
trations of potassium permanganate and red P over a fairly wide range. 

Results and Discussion 

The concen t ra t ions  of  po t a s s ium p e r m a n g a n a t e  as de t e rmine d  and  
r ep resen ted  in t e r m s  of  n u m b e r  of ml.  of  fer rous  a m m o n i u m  su lpha te  
so lu t ion  in the  expe r imen t a l  resul ts ,  have  been made  use of, in calcula- 
t ing  the  order  of  the  r eac t ion  b y  the  i n t eg ra t ion  m e t h o d  from the  in i t ia l  
t i t r e  va lue  of  p e r m a n g a n a t e  and  t h a t  ob ta ined  a t  var ious  t ime  in te rva l s  
dur ing  the  course of  the  ox ida t ion .  U n d e r  the  given opera t ive  condi t ions  
the  va lue  of  K was found  to be cons t an t  and  wi th in  l imi ts  of  e x p e r i m e n t a l  
er ror  according  to  the  fol lowing equa t ion :  

2.303 T t (To--  T~) 
K ~ ~ log10 To (Tt--  T~) 

where  T O in i t ia l  concen t ra t ion  of  pe rmangana t e ,  Tt  concent ra t ion  of  
p e r m a n g a n a t e  a t  t ime  t, T~ concen t ra t ion  of  p e r m a n g a n a t e  a t  t ime  ~, 
and  t t ime  in minutes .  
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A rep resen ta t ive  group of  resul ts  is shown in Table  1. 

Table 1. 

Temperature: 10 ~ C. Weight of phosphorus ~ 0.03 gm. 
Reaction mixture: 2 ml. Concentration ofKMn04 ~ 75 m]. 

N/6 soln. 

Time  rain. 

0 
10 
30 
50 
7 0  
90 

110 

0 . 0 5 ~ f e r r o u s  
a m m .  sulphate  

solution ml .  

T ,  (To - -  T~) 
log10 

To (Tt  - -  T~) 

8 ,3  

7.9 0.0346 
7.3 0.1010 
6.85 I 0.1679 
6.50 I 0.2362 
6.25 0.2984 
6.O ' 0.3600 
5.0 I 

K • 10 +a 

1.60 
1.55 
1.55 
1.55 
1.50 
1.50 

~ e a n K  ~ 1.54 X 10 s. 

The resul ts  in Table  1, therefore  show t h a t  the  ox ida t ion  of red  phos- 
phorus  b y  p e r m a n g a n a t e  is an overal l  b imolecular  react ion.  

The  va r i a t i on  of  t he  ve loc i ty  cons tan t  (K) wi th  t e m p e r a t u r e  for the  
same in i t ia l  concent ra t ions  of the  r eac t an t s  is g iven in Table  2. 

Table 2. 

Weight of phosphorus: Table 3. 
0.03 gin. Concentration of Temperature 25 ~ C. Weight of 
KMnO4: 75 m]. N/6 soln. phosphorus: 0.027 gm. Normality 
Normality of ferrous atom. of ferrous amm. sulphate: 0.05 N. 

sulphate: 0,05 N 

Tempera tu re  ~ i%~ean K • 10 +3 

0 
10 
20 
30 
40 

E x p , .  Cont.  of  KMnO~ ~[ean 
No. ml.  soln. K • 10 +8 

1.00 1 
1.54 2 
2.50 3 
4.80 4 
7.50 5 

75 N/5 
lO0 N/6 
125 N/9 
150 N/10 
150 N/12 

4.3 
4.0 
3.7 
3.2 
2.6 

The resul ts  (Table 2) show t h a t  t he  ve loc i ty  coefficient (K) increases as 

T~ (To - -  T~) 
the  t e m p e r a t u r e  increases  ; the  values  of log,o To (Tt - -  T~) p lo t t ed  aga ins t  

t ime  t for different  t e m p e r a t u r e s  a t  which the  r eac t ion  has  been s tudied,  
are  r ep resen ted  g raph ica l ly  in :Fig. 1. 

The va r i a t i on  of  the  ve loc i ty  coefficient (K) for different  in i t ia l  
concent ra t ions  of the  r e a c t a n t s  has been s tud ied  b y  va ry ing  the  con- 
cen t ra t ion  of  p e r m a n g a n a t e  solut ion and  keeping  the  weight  of  1 ) 
cons tan t  in ~ll the  exper iments .  A typ ica l  set  of  resul ts  are g iven in 
Table  3. 
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T~(To--T~) 
Fig. 2 represents graphically the variat ion of log10 T~ (T --T~.) with 

time for different initial  concentrations of permanganate  at  the same 
temperature.  

7,O 

- / / i~o .c§ 

c'j' ! 
�9 i i [ 

o 3o gO #o eo 700 mira 720 
T/me 

Tt (To - -  Ta) 
Fig.  1. Var ia t ion  of log,~ - wi th  t empera tu re .  W t .  of  P ~ 0.03 gm. conc. of  pot.  

To (Tt -- T~) 
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[ 
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Tt  (To - -  T~)  
Fig.  2. Var ia t ion  of  l o g l o -  

To ( T t - -  T~)  
Temp.  25 ~ C. W t .  of  P = 0.027 gm. 

N 
permanganate = 

6 

I 

60 oo0 700 rain 720 
~'me 

wi th  t ime  for d i f ferent  conc. of  pot .  pe rmangana te .  

No. 1 2 3 4 5 
N N N N N 

Cone. of  p e r m a n g a n a t e  
5 6 9 10 12 

The energy of act ivat ion and temperature  coefficient were calculated 
from the values obtained for K at  different temperatures  T 1 and T 2 as 
indicated in Table 4. 
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Table d 
]~nergy of activation 

Temp. absolute Temp. coeff. E 2.303 log1, K,/K~ • R • T1 • T ,  
T~ ~-~ T 2 K~ • iO +~ K,~ x I0 +~ KjK~ = T~ T~ 

g. cals. 

273--283 1.00 1.54 1.54 6773 
283--293 1.54 2.50 1.62 8020 
293--303 2.50 4.80 1.92 11520 
303--313 4.80 7.50 1.56 8433 

The variat ion of loglo K with l I T  is shown in Table 5, the  results arc 
p lo t ted  in Fig. 3. 

a , 8 ~  

o \ 

o,~ i ~ " " x ,  
O~ 
3.2 3.3 3.~ 3.5 3.G 3.7 

~T x 10 *3 

1 
Fig. 3. Variation of log~ K with ~ -  

Table 5 

Temp. absolute o O lIT • 10 +3 K x 10 +8 logt0 (K x Z0 § 

273 
283 
293 
303 
313 

3.66 
3.55 
3.41 
3.30 
3.20 

1.00 
1.54 
2.50 
4.80 
7.50 

0.00 
0.1875 
0.3979 
0.6812 
0.8751 

The linear relationship between lOgl0 K and 1/T (Fig. 3) is in accord 
with the A R C H E r , S  equat ion z which expresses the influence of  tempera-  
ture on react ion velocity. 

Permanganate  Method for the Determination of Red Phosphorus 

A series of  experiments were carried out  in which the  difference in the 
quan t i ty  of  permangana te  added initially to a given weight of  phosphorus 
and tha t  left over after  its complete disappearance i. e. the t i tre value at 
infinite time, served as a measure of  the quan t i ty  of permangana te  
required for the  oxidat ion reaction. 

These results show tha t  fo~ a complete oxidat ion under  the  above 
experimental  conditions, the mol. ratio of  P to KMnO 4 is 1 : 1, which is in 
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agreement with the essential bimolecularity of the overall oxidation 
process. Hence, a knowledge of the quanti ty of permanganate utilised in 
the reaction is useful for the direct determination of phosphorus. A 
typical set of results for the estimation of red phosphorus by perman- 
ganate method is given in Table 6. 

Table 6 

Exp  t. We igh t  of  P W e i g h t  of  P Difference 
No. t aken  calculated* 

gm.  gm.  gm.  

0.0138 
0.0143 
0.0190 
0.0216 
0.0227 
0.0243 
0.0256 
0.0429 

0.0132 
0.0151 
0.0205 
0.0202 
0.0223 
0.0252 
0.0262 
0.0424 

--0.0006 
+ 0.0008 
+ 0.0015 
--0.0014 
--0.0004 
+ O.0009 
+ 0.0006 
--0.0005 

* Weight of P calculated from reacted KMnOa according to the equation 2 P + 
2 KMn04 + 3 H2SO 4 : K~SO 4 ~- 2 MnSO 4 -~- 2 H3PO 4. 

The agreement between the calculated and weighed quantities of P 
proves the stoichiometry of the reaction and its utilisability in the 
determination of red phosphorus. 

M e c h a n i s m  of the  R e a c t i o n  

ROSENST~IN 5 suggested that  in the reduction of permanganate 
solutions by red phosphorus in acid solutions manganous salts are formed 
as the end products. The reaction may be represented as : 

P + MnO~- = Mn 2+ + PO~ s- 

In complete agreement with the above suggestion, the oxidation of red P 
with KMnO 4 may be represented according to the equations : 

MnO 4- + 8 H + -~- 5 e = Mn 2+ -~- 4 H20 (i) 

P + 4 H20 = P04~-+ 8 H+-f - 5 e. (ii) 

On combining the above equations, we get, 

P + MnO~- ~ Mn z+_~ p043-. (iii) 

From equation (iii) it is evident that  one tool of P requires one mol of 
KMnOa for complete oxidation of P to phosphoric acid (HAP04). 

SLATnn'S: observation that  permanganate is reduced to manganese 
dioxide by yellow phosphorus may be explained as due to the reduction 
of permanganate according as : 

Mn04- + e = MnO4-- 
and MnOa- -+  2 H20 + 2 e = Mn02 + 4 OH- 
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both  of which can proceed only in a s t rongly alkaline medium ~. However,  
the react ion : 

2 MnO~-d- 3 Mn~+d- 2 H20 --~ 5 MnO 2 • 4 H + 

is quite l ikely to take place, bu t  it  is observed tha t  this react ion is very 
slow in  cold acid solut ion and  hence cannot  p lay  a major  par t  in the 
oxidat ion-reduct ion process. 

The na tu re  of the  P -KMnO a oxidat ion-reduct ion in  an alkaline medium 
is being invest igated.  

Smnmary  

Oxidat ion of red phosphorus by  an acid solut ion of potass ium per- 

mangana t e  has been studied and  applied in  the volumetr ic  de te rmina t ion  
of red phosphorus.  The kinetics of the oxidat ion-reduct ion process show 
tha t  the react ion is of the  bimolecular  order. Inf luence of t empera ture  on 
the veloci ty coefficient (K) as also the var ia t ion  of (K) for different 
concentra t ions  of the oxidant ,  observed, have been made use of in 
evaluat ing  the ac t iva t ion  energy of the reaction. F u r t he r  the uti-  
l isabi l i ty of this simple procedure for the  volumetr ic  de te rmina t ion  of 
red phosphorus is emphasized. 

The na tu re  of the above oxidat ion react ion in  an alkaline med ium is 
being invest igated.  

Sincere thanks of the authors are due to Prof. S S. Josm, for facilities and kind 
interest in the work. 
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