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Abstract - The reaction between aromatic amines and phosphate 
radical has been investigated. The reaction is accelerated by 
electron-releasing substituents and retarded by electron- 
withdraw@ ;sj;;i;uents 
the PO4 x . 0+ 

pointing to an electrophilic attack by 
values corre ate the effect of 

substituents well. The pay 1 
than that for CO37 

r o value for PO4 v is more positive 
indicating higher reactivity of phosphate 

radical towards aromatic amines than the carbonate radical. 

INTRODUCTION 

In recent years studies relating to flash photolytic generation of inorganic 

radicals and the kinetics of their reactions have received much attention 192 . 
Besides providing a direct method of production of the radicals, kinetic flash 

spectrophotometric technique enables one to determine the rate constants of their 

reactions with a variety of substrates. Thus substituent effects and other related 

correlations for radical induced reactions can be investigated in a straightfor- 

ward manner. W; 5have investigated the reactivities of several radicals with org- 

anic substrates - . In this paper we report our results relating to the phosphate 

radical. 

Phosphate radical is a good oxidising agent and can react with organic sub- 

strates either by direct electron transfer or by hydrogen atom abstraction 697 . The 

reaction of the phosphate radical with a series of para-substituted anilines has 

been studied by the flash photolysis technique with a view to obtain insight into 

the mechanism. 

RESULTS AND DISCUSSION 

The phosphate radical, PO42s, is produced by the flash photolysis of a deaera- 

ted aqueous solution containing O.lmM peroxydiphosphate at pH 11.089g. 

‘2’8 
4- hv> 2po42: (1) 

The absorption of the phosphate radical at 530 nm (E - 2150 M-‘cc~-~)~ was ob- 

served immediately after the light pulse. The decay of the radical is second order 

in the absence of any scavenger (decay rate constant - 2.0 x lo8 M -1 -1 s ) and be- 

comes pseudo-first order in the presence of added scavenger5. The pseudo-first 
order rate constants (k’) were determined for atleast three different initial 
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concentrations of the scavenger and at each concentration atleast three kinetic 

curves were processed. The second order rate constants (ks) were determined from 

the slope of the plots of k’ vs [scavenger] (Fig.1). These values obtained for 

1.0 2.0 3.0 

[Amint] x106 M 

Fig. 1 Dtptndtnct of k’ on amine concentration at pH 11.0 a) p-fluoroanibt 

b) Aniline c) p-Bromoanilint and d) p-Aminotthylbtnzoatt. 

aniline and some para-substituted aniline6 at pH 11.0 are given in Table 1. These 

data are subject to the errors inherent in flash photolysis studies (*10X). 

Effect of pH 

The rate constants for the reaction of phosphate radical with aniline are 

markedly influenced by pH in the range S-11 (Table 1). Since the pKa of aniline is 

4.63, it remains virtually in the basic form throughout the pH range studied. 

Hence the observed wide variations in the rate constants with pH are primarily due 

to the different acid-base forms of phosphate radical’ (eqn. 2). 

\ 
H2P04’ - HP04x + P042? (2) 

PKa 5.7 8.9 

Phosphate 

PO422 

radical exists as H2P04’ below pH 5.7, HP04x between pH 5.7-8.9 and 

above pH 8.9. The rate constants have been calculated for the reaction at 
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Table 1. Rate constants and Hammett constant8 for pare-substituted 
aniline8 (pH 11.0). 

k 8 / M-18’1 
+ 

a meta ‘para ‘para 

Aniline 

p-Chloroaniline 

p-Bromoaniline 

p-dminoethyl- 
beneoate 

p-Aminobenzoic- 
acid 

p-Nitroaniline 

p-Fluoroaniline 

p-Toluidine 

7.10 x 108 

1.47 x 10’ (pH 7.0)a 

1010 (pH 5.0)b 

6.00 x lo* 

5.75 x 1oB 

3.31 x 108 

3.12 x lo* 

1.62 x lo* 

8.71 x IO* 

1.34 x 108 

0.00 

0.37 0.23 0.11 

0.39 0.23 0.15 

0.37 0.45 0.48 

0.37 

0.71 

0.34 

-0.07 

0.00 

0.45 0.42 

0.78 

0.06 

-0.17 

0.79 

-0.07 

-0.31 

0.00 

a. involves HP0 T* 4 ’ binvolves H2P04’ 

these pHs. It may be concluded that the rate constants for the reaction of aniline 

with H2P04’, HPOqZ and PO427 are 7.10 x lo*, 1.47 x 10’ and ~10~’ M-is-l 

respectively (Table 1). 

of H2P04’ radica16. 

This is in agreement with the stronger oxidising character 

Since aniline is in the uncharged basic form throughout this 

pH range, the variation in the rate constants cannot be attributed to the effect of 

ionic strength. The reaction of P042: with aniline is likely to involve a direct 

electron transfer from aniline to P042’. Studies with other types of inorganic 

radical ions have indicated that the protonated forms of inorganic radicals have 

more or less same rate constants for substrates undergoing reaction via hydrogen 

abstraction or addition 3 mechanism , and the rate constants differ only when 

electron transfer takes place. 

Effect of substitutents 

As a study of the influence of substituents on the rate of reaction often 

leads to a better understanding of the mechanism, the rate8 have been measured with 
para-substituted anilines. The results showed that the rate of the reaction is 

enhanced when electron releasing substituents are present while it is retarded when 

electron withdrawing sustituents are present. This reflects the electrophilic 
nature of the phosphate radical. 

The Hammett plot has been widely used to correlate the influence of meta- and 

para-substituents on the reactivity of aromatic substrates 10 . The value8 of the 
Hammett substitution constant8 11 + , ameta, a 

Among the plots of log ks 
para and a para’ are given in Table 1. 

+ vs the Hammett substitution constants (a , a 

only the plot of log ks vs a 

0.997. 

p+ (Fig.2) gives a good correlation! 
P 

and am) 

coefficient of 

The p value (-0.83) obtained is less negative compared to that obtained for 

the reaction of carbonate radical with substituted anilines (p--1.0) 3 indicating 
higher reactivity of phosphate radical toward8 aromatic amines. For the 
correlation of rate constants for the reaction of phosphate radical (H2P04’) with 
substituted benzoic acid, a II value of -1.8 has been reported6. This demonstrates 
the ease with which the electron deficient phosphate radical removes an electron 

from substituted anilines compared to substituted benzoic acid. 

Substituent effect on the electrooxidation of pare-substituted aniline8 has 
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Fig. 2 Hammctt plot for the reaction of PO:’ radicals with substituted 

anilincs at pH ll.0 

been studied by Kazua et all*. The standard oxidation potentials determined by the 

potential drop method were found to correlate well with the Brown-Okamoto 13 o+ 

substituent constants. Crable and Kearns14 also found that the ionization poten- 

tials of para-substituted anilines correlate well with o+ para values. The good 

correlation obtained in the phosphate radical reaction (Fig.2) suggest8 that the 

rate constants are influenced by the ionization potential or oxidation potential of 

para-substituted anilines and that there is a possible electron transfer from the 

aniline to phosphate radical. 

Hence attempts have been made-y identify the possible anilino-radical inter- 

mediate. For the protonated (C6H5NH2> and basic (C6H5fiH) forms of the anilino 

radical, absorption maxima of 423 and 300 nm respectively, have been reported by 

Land and Porter15. With aniline a transient absorption around 424 nm (Fig. 3a) has 

been observed at pH 6.0 and is identical with that reported for C6H,$H2 15. (The 

absorption around 300 nm could not be followed due to limitations of the moni- 

toring source). Similarly with p-nitroaniline at pH 5.0, a transient absorption 

having maxima at 440 and 490 nm (Fig. 3b) was observed which is due to the forma- 

tion of the p-nitroanilino cation radical, p- N02C6H;iH2 16. At pH 11.0 the anilino 

cation radical that is formed probably gets deprotonated to give the anilino radi- 
. 15 cal, C6H5NH (pKa - 7.0) , which can further dimerise to give hydrazobenzene, ben- 
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Fig. 3 Transient absorption spectra produced following the flash photolysis 

of 0.1 mM pcroxydiphosphate and a) 0.1 mM aniline (pli 6.0) b) 0.1 mM 

p-nitroaniline (pH 5.0). Absorbance measured 1 ms after sOartof flash, 

zidine, 2- and 4-aminodiphenylamine and other products as shown in Scheme 15. 

All these observations clearly demonstrate an electron transfer from the aro- 

matic amine to the phosphate radical. The reaction of phosphate radical with ali- 

phatic amines has also been studied and the rate constants are found to be one or 

two orders of magnitude lower than those for aromatic amines. Detailed studies of 

these systems are in progress. 

EXPERIMENTAL 

All chemicals used in this investigation were of analytical grade. 
peroxydiphosphote was prepared and purified as reported in the litera%kfy? 
Freshly distilled samples of amines were used for preparing the solutions. In the 
case of solid amines, recrystallised samples were used and their purity checked 
from their melting points. 

Flash photolysis experiments were carried out in a Nortech Flash Photolysis 
unit type FPX-1 using a 10 cm quartz cell and the transient was recorded using a 
Kikusui Digital Storage Oscilloscope (DSS-5040) combined with a chart recorder 
(Omnigraphic 2000 recorder). The flash lamps dissipated upto 2005 of energy with a 
flash duration of about 30 microseconds. 
monitored by following the absorbance 

The decay of the phosphate radical was 
at 530 nm and measurements were made at 

23.0*1.0°C. 

All solutions were prepared with triply distilled water and deaerated with 
purified nitrogen before flashing. 
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Scheme 1 

2; 
PO4 + C8ti& - CsHt&2 + PO:- 

.+ 
C6H5NH2 - C6H5hH + H+ ( pK, =7.0) 

AZOBENZENE 

REFERENCRS 

1. A.B. Ross and P. Neta, National Standard Reference Data Series. 
U.S. Natl. Bur. Stand. No.65 (1979). 

Washington: 

2. A.F. Morkovnik and O.Yu. Okhlobystein, Russ. Chem. Rev. (Engl. Transl.) 48, 
1055 (1979). 

3. T.P. Elango, V. Ramakrishnan, S. Vancheesan and J.C.' Kuriacose, Proc. Indian 
Acad. Sci., Chem. Sci., 93, 47 (1984). 

4. T.P. Elan o, 
k 

V. Ramakrishnan, S. Vancheesan and .J.C. Kuriacose, Tetrahedron, 
18, 3837 1985). 

5. P. Subramanian, V. Ramakrishnan, J. Rajaram and J.C. Kuriacose, Proc. Indian 
Acad. Sci., Chem. Sci., 97, 573 (1986). 

6. P. Haruthamuthu and P. Neta, J. Phys. Chem., 81, 1622 (1977). 

7. P. Maruthamuthu and P. Neta, J, Phys. Chem., 82, 710 (1978). 

8. R.J. Lussier, W.M. Risen Jr. and J.O. Edwards, J. Phys. Chem., 74, 4039 (1970). 

9. G. Bide, R. Curci and J.O. Edwards, Int. J. Chem. Kinet., 5, 859 (1973). 

10. P.R. Wells, Linear Free Energy Relationships. Academic Press, London (1968). 

11. a) H.C. Brown and Y. Okamoto, J. Am. Chem. Sot., 80, 4979 (1958). 

b) D.H. McDaniel and H.C. Brown, J. Org. Chem., 23, 420 (1958). 

c) 0. Exner, Advances in Linear Free Energy ReIationships, (Edited by N.B. 
Chapman and J. Shorter) Chapter 1. Plenum Press, New York (1972). 

12. S. Kazua, K. Akira and T. Mokoto, Nippon Kagaku Kaishi, 12, 2269 (1973). 

13. H.C. Brown and Y. Okamoto, J. Am. Chem. Sot., 80, 331 (1958). 

14. G.F. Crable and G.L. Kearns, J. Phys. Chem., 66, 436 (1962). 

15. E.J. Land and G. Porter, Trans. Faraday Sot., 59, 2027 (1963). 

16. A.C. Testa and J. Wollenben, J. Phys. Chem., 81, 429 (1977). 

17. a) 1.1. Creaser and J.O. Edwards, Topics in Phosphorus Chemistry, (Edited by 
E.J. Griffith and M. Grayson), Vo1.7, p.379. 
(1972). 

Wiley Interscience, New York 

b) P. Maruthamuthu and P. Neta, J. Phys. Chem., 81, 937 (1977). 


