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A~-~ut[?xi~t~~n of p-hydrorydip~n~lamine tffDP.4) give\ N-phcn)-l,p.benrc~utnuneimlnc and hydrogen 
peroxide a\ primary produ‘tr o\cr a uidr range of pH and the prertou4y reported forrn~tKln of 
N.tChydroxyphen~l)_p.hcnrtlqurnonetmm~ in haste media is tn error. AR inducuon period whtch i\ mdcpcndcnt of 
substrate c(~nccntrdIion but decrease\ with tncrca\e m pH i\ observed. The rate of ox&&on IS fint or&r with rtspezt 

to ox)gcn and half order wtth rc~pcct IO HDPA. Ox~gcn is used IO the s)\tem at the rstc comparahlc to IIS rate of 
dts4utron. On Ihe haus of various kmctic parameters, a mechanism involving electron transfer to oxyKcn from 
HDPA anion and subxqucnt formati~~n of HO, radrcal is pcstulatcd The agreement of the expertmental result\ with 
1hc derived raIt cxprcsstun I\ shoun to support the mcchani\m. 

Stngfct ox)gcn. produced in sirv by mcthyknc bloc \cn~ittra!ron. leads IO oxidatron but with different products 

mdicatmg that thi$ specie\ is not incohed tn the ~iutoxr~ti(~n. 

Yechantsms of ~ul~x~ti~~n of organic substances arc of 
considerable importance so as to exercise a control over 
these processes in order to enhance or prevent them, a\ 

required. A perusal of literature shows that these 

reactions arc quite complex;’ primary product\ are often 
transformed by secondary reactions’ ’ and radicals are the 
c~~mmon chain propagators.“ In some ~iu~~)xi~ti~~ns. 
OI(‘&,,rb‘ or carhanionf’ are also known to be involved. 

Phenols and aniline\ are the most often used an- 

tioxidantc which terminate oxidation chains through 

H-atom transfer; 

Rc’r, t IiORtor [(NH;) - RO:H * RO~tor R;S.). 

An ESK study of the inhibitory effect of dip~nylaminc 
has shown the presence of a stable radicai, diphenyl- 

nitroxide, which is possibly formed from diphenyl- 
nitrogen and pcroxy radicals.” Hydroxylamine is known 

to undergo autoxidation in a pH dependent reaction where 
a deprotonatcd hydr~~xylamine species and oxygen are 
involved in the rate determining s~cp.” 

p-Hydr(lxydip~nylaminc on prolonged standing gives 
a dark brown solid and we were interested in under- 

standing this oxidation change. From an ~tu~~xidati~n 
point of +iru there arc tuo active ccntrc\ prtsent in thrt 

molecule anJ tt u;ts felt that MC mtght he able w evalua~c 

the relative activity of these centres towards oxidation 
from the extent of reaction and product analysis. Another 
objective of the investi~tion was to examine the role of 

singlet oxygen in the oxidation by- generating this reactive 
species in situ by the well known dye photosensitized 
pro~ess.“~‘L 

Ex-At. 

~.H~dr~)x~dip~n~~mi~ tHDPAt tK d K laboratortest was 
tiirt distilled with superheated steam (IX@‘) and then cry&dtud 
from benzenclhexane mixture. The W’ spectrum of thtx purtkcd 
amme quantitattvely agreed with the reported spectrum.” 
Acetonitnk was BDH grade and was distilled b&r: use. Ally! 
alcohol (Merck’s C&many) was used as such. other \olvcntt were 
of AR grade and were diMed before use. For stock solns of 
HIWA the solns were prepared in dcaeratcd &vents. The 
deaerattons were done w:th hydrogen (99.9%). 

For ac:ual run5 a spccral reactton cell rlOcm x diarn 1.6cmt 
wrth a stde capillary ~ttbc was used. The cell could be directly 
transferred to the ~~ctr~)p~~t(~metcr For ~~x~~n~tlr~n~ prrsa- 

turatcd 0, was passed through the 4utton. The ~eilou 4ourcd 

product was extracted with ether and the ether layer wa\ urshcd 
rtpatcdl~ with dtstilkd water. Since the initial product further 
reacted the conversions wcrc kept low and the experiment was 

repeated C-6 time\ to collect enough product for analysts The 
combined ether extract was chromato6~~d on a TI.C Glica gel 
“G” plate fbenttm as de\-eloper) and analpred. 

The rcacIlon ua\ found to be very fast tn water and mrrturts of 
water and ~cctonttrik rerc used IO control the rate Ail the 

cxpcnmcnts u-crc done at 32 2 I” AfIer cstabb\hmg the rdcntrt) of 
the product\ the reaction war monitored at 4480 A tn the km& 

runs. It was ensured through a final spectrum of the rea&on 
product mtxture &II the same product %a\ formed m all rhc 
cxpcrimcnts 

in dye scnstttzatton, methylenc Mut (A,.. 645n Af ~‘1s used 
a$ a unsinzcr The photolyviv cell conststcd of a pyrcx rubc 
t 170 mm x dta 24 mm) over which a small water condenser uas 

fitted. The gas fubc U-J\ adfustcd so &at it was no1 m the light 
path, A high prt\curc mercury lamp I 13 W. Phthpc India8 fed 
from a stab&red power ruppiy with a filter havrnp a GUI off at 
4700 A wa\ uxd for trradtations. The products anal)scs ucrc 

done in the sitme manner a dcrcnbcd above 

Pmducf umlysis. At low conversions (below 4%) two 

products were formed. N-(phenyl~p-~n~~uinl)ncimine 
(PM)) was identified by its m.p. 101-Z” tlit.‘” - 101.5’~, 

L’V spectrum (A,. - 340 A, MO A) and hg comparison 

of NMK spectrum with the authentic sample.” HtOF was 
identi~~d and measured by its compiexing with titanium 
sulphate.‘” A plot of product concentr~ition vs reaction 
time for each of PHI) and H:O: was linear showing that 

both are primary products. 
E’flecr oj O1 ~on(.~rr~~i~~n and&w rate. InCinctic runs 

the conversions were kept below 1.5%. For varymg the 

c(~ncen~~~ion of I),, mixtures of 0: and H? of various 
proportions hut constant total pressure were passed 

through the soln at constant flow rate of 36 ml min. ’ The 
results are shown in Tabic I. The reaction rate is 
pro~~i(~nal to 0: concentration and tirct order with 
respect to it. 

The rate was dependent on Row rate and increased to a 
constant value at flow rate of 3.5 ml min ‘, This shows that 
O2 is rapidly depleted during the reaction and the 
depletion rate is Compar;lhlC to diss#lutit)n rate of 0: m 
the solvent. 
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Table 1 Effect of 0: sonccntrafwn [HDPAI - 5 x 10 ‘hf; 

.~cctonrtrdc u-dlcr 1 I : I). tcmpcrrturc - 7? f I’C 

Rclat~~c reactton 
0.. pre‘xsurc (O..] * Itr rrte y IB 

tmm uf Hpt (ml ‘b tml ‘mm ‘I 
R”” * I@’ 
KU 

--- - . -- ‘-_ 
6-q < II 41 7 !‘I 070 
70’.0 ~.lU.4 1912 n.36 
!4I 2 J n-4 I.!I? 0.37 
Ihl 0 ’ “19 _ n9,7u 0 7c 

HDP:\ ua\ varied from 2.0x 10 ‘M to 5.0x lo ‘M. 0: 

*iiS pa5sd al 3 constant rate IFig. I \hows the results). 

The rates are linear and the same product is produced in 

the mitial and final stage\ a\ observed from the absorption 
spectra in the visible region. There is an induction period 

which appears to be independent of the substrate 
c(~ncent~ti~)n. 

E@r of H’ cant-enrrarion. The pH of the soln was 

varied with HC‘I or N&H between 4.7 and 10. In view of 
very low con\er\lon\ buffering was not necessary (Fig. 1 

gites the results). There is a dramatic effect of [H’] and 

the induction time wa\ found to decrease with the 
increase in pH The dccrea\e in induction time IS in 

accordance with the huilding up of the concentration of a 

reaction intermediate during thi\ time Gnce in a faster 
reaction the concentration is expected to reach its steady 
state \-alue in a shorter period. It is to be noted that an 

increase in the autoxidation of anthranol with decrease in 
[H’] has prevtou\ly been observed.” 

Kaevkkii t-t ul. have reported the prvduct N-M- 

h~drttsyphenyl)-p-~n,oquinoneimine in the oxidation of 
HDPA in the presence of KOH.” We have carefully 

looked at the products at higher pH value and have found 

the \ame product PHQ as in neutral solutions. It may be 

noted that there i\ ;I considerable difference in the 
&sorptton spectra of S-(~hydroxyphenyl)-p-~n. 
roquinonelminc and PM).” 

E#ecr I$ ionic strertgth. The ionrc \trenpth of the 
reaction wa\ varied hy the addition of NaliO, and the 

result\ are given in Table 2. The results are not very 

conch&c but appear to support the participation of ions 
in the mechanism. 

Effp(-f ~~~u~~ifj~~~ ~~fwfit-ol trap. .fdlyl alcohol has been 

successfully ured for trapping radicals.” We lntr(~duced 
ally1 alcohol into the system in varying ~irn~~unts. Figure 3 
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Fig. 2. Effect of pH. HDP.4 ” (.x 10 ‘.\I(; rnlrcnt - 
acetonitrik: water (1. It. 0, flow ra& = 35 mllmm. 

Table !. Effect of addition of 
NaKO,. [HDP.A] - 4.0x IO ’ 54: 
aceton~lnlc water (I 1): 

lcmpcralurc = .\I! * 1°C‘ 

4.. 

x.: * 
CL /’ 

Rg. 3. Effect of rrllyl akohol concentrabon. HDP.4 - ? ! x IO ’ M. 
Solbcnt = acctonitrik:water (3.2). il. tl M: : ‘. Z.95 x IO ’ N: 0. 

5 89 x 10 * M: !.. If.6 x IO : hf; Ol flw rate - ?7 1 ml/mm 

give\ the result\. There is an increasing decrease in the 
rate with hcrtaSc in ally1 alcohol concentration. There ix. 
however, no significant change in the induction pericxf. 

E&t 11f h~dr(J~m peroxide and wafer ~i~n~enffafii~n. 

H,O, is a product in the reaction and it was found to 
enhance the reaction when added to the system. In 
another set of experiments the concentration of water in 
acetonitrilc medium was varied. Table 3 shows the result\. 
The rate increase\ with water concentration hug in no 
simple manner. The cffcct doe\ not appear to be a pure 
dielectric effect. 

Mechanism. Since there is only one product formed 
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Tahk 3 F.ficst of water ~onccrt- 
tra~ion: {HM’AJ 1.0~ 10 ’ M; 

rcmpcraturc L 32 * I’( 
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under different [H‘] conditions and one would expect Fig. 4. Plot of relatibc reaction race\ v\ quare rook of HOP.4 

bonding of J proton with the lone pair af electrons of ~~ncenfra!l~n. .Sofvenr - ascioniIrilc : rskr 13 : 3; 0: th rsc = 
nitrogen in the HDPA molecule at lower pH values and 7 1 ml:mm 

grcatcr proton abstraction from OH group at higher pH 
values. it appears that there is only one reactive ccntrc. A be distinguished by using singlet 0: quenchers.” We used 

mechanism which is consistent with the various kinetic fl-carotcnc and diazahicyclo (2: 2’ 1~ OCINR? as probes. 

paramcrcrc is: The reaction was found to dccrca\c in both the casts 

under the ~eadt state assump~il~n the rate of the reaction 

is given b! 

This cxprcssion predicts first order kinetic% with respect 

to 0: as observed and half order with respect IO HDPA. 

Figure 4 gives the plot for relative rates vs [HDPAI”’ 
which it linear and >upport\ the proposed mechanism. 
The effect of water can be. due to the c~~rnplc~ation of the 

proton to gi\ c hydronium Ion giving a larger concentration 
of the ammc anion or stahilisinp effect on other 

intcrmcd~~tc~ and somewhat polar t~nsition state. 
In the d!c scnsiti~~tion solutions of 5 x 10 ’ M HDPA 

and 4.14 x 10 ’ M mcthylcnc blur were phorolysed tn 
acclonilrilc containing 2” 2 water in the pre\cncc of 0:. 
Water w;~s used bccausc the q~oturn ylcld in pure 
asetonitrilc was very small. The product mixture had a 
very different absorption spectrum as compared to pore 
autoxidation. Methylcne blue in which the sineJet-triplet 
splitting i\ known to be small” is cxpccted to either 
transfer energy IO 0: through triplet-triplet annihilation or 
abstract an electron from HDPA which may be followed 
by a proton transfer.” However these two pathways can 

indic~tjug the presence and pa~icipati~)n of O$‘&). It is 

thus clear that singlet 0: dots bring about the oxidation of 

HDPA but certainly through ;I diffcrcnt route as 
compared to that of autoxidation. 
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