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Abstract - The kinetic results of the oxidation of aminoacids 
by N-bromoacetamide in acid and alkaline media are presented. 
It Is noticed that the order with respect to substrate is depen- 
dent on the nature of the medium, 0.30 - 0.80 in perchloric acid 
(except phenylalanine in which case the order Is 1.0) and alka- 
line media and zero order In aoueous acetic acid. Irresnective 
of the medium, the reaction is-first order in [oxidant]. Ths 
rate of oxidation increases with [OH-i and decreases with IH 1. 
The changes observed in the dire&on-of the pH-rate profile - 
correspond to the ionisation constants of the aninoacids. 'Ihe 
reaction is inhibited by the addition of acetamide in perchlo- 
ric acid medium but, is independent of it In alkaline medium. 
The rate of oxidation is susceptible to changes in the compo- 
sition of acetic acid and is maximum at 25% aqueous acetic acid. 
The oxidation of aminoacids by N-bromoacetamide is also cataly- 
sed by carboxylate anions. The catalytic constants of propio- 
nate, butyrate, acetate, chloropropionate and chloroacetate are 
measured and Br$nsted coefficients @) so evaluated are in the 
range 0.30 - 0.46. The proposed mechanism and the derived rate 
laws are consistent with the observed klnetlcs. 

Several workers have studied the kinetics of oxidation of aminoacids by a number 

of oxidantsl'S. Recently considerable attention has been focussed on the 

chemistry of N-halogen0 compounds 9-14 . The diverse nature of the chemistry of 

these compounds is due to their ability to act as sources of halogenonium cations, 

hypo halite species, and nitrogen anions which act both as bases and nucleophlles. 

The potential applications of these compounds remain largely unrealieed as is 

evident by the scant information available in the literature. Any addition to the 

existing knowledge is useful in exploring the properties of related compounds and 

is also of interest to those studying the physico-chemical aspects of reactions 

involving halogen0 cations. 

N-Bromoacetamide (MA) is a compound of synthetic value 15'16 and is biologi- 

tally active inhibiting the enzyme action of rennin 
17 

. It is thought that break- 

down of biologically important aminoacids using this oxidant would be worth study- 

ing. The main objective of the present investigation is to elucidate suitable 

mechanism and to put forward a rate law consistent with experimental data. ThiS 

paper deals with the kinetics of oxidation of some aminoacids viz. phenylglycine, 

alanine, phenylalanine, valine, leucine, isoleucine and norleucine by NBA in acid 
and alkaline media and the general base catalysis. For the purpose of comparison, 

the oxidation of some of the aminoacids by hypobromou s acid has also been studied. 
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EXPEiRIMENTAL 

All the chemicals used were of either Fluka or BDH(AR) grade and further 
purified either by distillation or recrystalllsation. 
method18 and its purity was checked with IR, 

NBA was prepared by reported 
NMR and also by iodcnnetric determina- 

tion of active bromine present. Acetic acid (AR BDH) was further wurified bv the 
procedure given elsewhere lg. 
ture of bromine (3 ml AnalaR) 

Pure hypobromous acid was prepared by shaking 'a mix- 
, water(1 lit.) and silver sulphate (15 g) until the 

heavy precipitate settled, leaving a clear, pale straw-coloured supernatent solu- 
tion. After filtration, the a.gueous solution of hypobromous acid was distilled 
under reduced'pressure (Ca 15 mn) on a water bathat 40-50°C. The total hypobromous 
acid was estimated by direct titration with standardised sodium thiosulphate in 
the usual way. The conductance was determined in various percentages of acetic 
acid, in the presence and absence of HC104, using systronic digital conductivity 
bridge model 304. 

Kinetic Measurements 

The reaction was carried out under pseudo-first order conditions by keeping 
an excess (10 x greater) of the [aminoacid] over ;NBA] in blackened flasks to 
avoid any photochemical reactions. Aliquots were withdrawn at suitable time 
intervals and the amount of unreacted NBA was determined by iodunetric titrations 
upto canpletion of 70% of the reaction. Rate constants were computed from the 
linear plots of log[oxidant] versus time. Duplicate kinetic runs showed that the 
dsta were reproducible within + 3%. 

Stoichiometry 

Mnoacid (0.01 sol), NBA (0.05 mdl) and perchloric acid or KOH (0.2 M) were 
made upto 100 ml with water. When the reaction was complete, the residual NBA was 
determined iodcmetrically. several determinations with various aminoacfds indica- 
ted lrl stoichiometry. 

Product Analysis 
The product analysis was done under kinetic conditions. Aminoacids (0.01 mol), 

NBA (0.01 mol) were made upto 50 ml in either perchloric acid or KOH (0.2 M) and 
kept in dark for 24 hrs till the completion of oxidation. A saturated solution of 
2,4-DNP, in 2.0 M HCl for allphatic amlnoacids, and in MeOH with a catalytic 
amount of H2SOq for aromatic amlnoacids was added m the solution and kept over 
night. The separated products (yields: 75-85%) were filtered and recrystallised 
from alcohol. The derivatives obtained were checked and identified by Co-TLC, 
mixed melting point and superimposable IR with authentic samples obtained from the 
condensation of the corresponding aldehydes with 2,4-3NP. In all the cases CO2 and 
NH3 were detected by baryta water and Nessler's reagent respectively. 

RESULTS AND DISCUSSION 

The oxidation of aminoacids by N8A in acid and alkaline media results in the 

formation of the corresponding aldehydes, ammonia and carbondioxide. The overall 

oxidation reaction may be represented stoichiometrlcally as equation 1. 

CH3CCNHBr + RCH(NH2)C02H + H20 
H+/OH-, CH3CONH2 + CO2 + NH3 + HBr (1) 

The oxidation of the substrate in acid medium by bromine which results from 

the reaction between NBA and bromide ion was prevented by adding Hg(I1) ions which 

complex Br- to give rise to HgBr4 2- and HgBr2= The addition of mercuric acethte or 

mercuric chloride did not interfere with the kinetic results. 

Order of the reaction with respect to N8A is found to be one as evidenced by 

the linear plot of logtNBA] versus time in aqueous acetic acid, perchloric acid 

and alkaline media. Pseudo-first order rate coefficients are independent of the 

initial [NRA] i.e. in the range of 0.0005 - 0.005 M. The order with respect to 

substrate is fractional (0.30 - 0.80) in perchloric acid and alkaline media 

(except in the case of phenylalanlne in perchloric acid where it is first order) 

and zero in aqueous acetic acid (Table 1). The order with respect to [H+] in the 

range of 0.1 - 0.8 M is inverse fractional (-0.6 to -0.8) except in the case of 

phenylalanine where It is inverse first order and that With [OH-] in the same 

range is fractional (0.3 - 0.7). Kinetic data for the oxidation of aminoacids by 

NSA In acid and alkaline media are compiled in Table 2. 

The oxidation of aminoacids by N8A failed to induce polymerisation Of acrylo- 

nitrile ruling out the possibility of one electron oxidation steps giving rise to 

free radicals. 
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Yahle 1. Effect of varying on the rate of reaction in aqueous 
acetic acid, acid and alkaline media 

[Aminoacid] 
lo5 x kohs s-1 

lo3 M Phenyl 
glycine 

Alanine Phenyl 
alanine Valine Leucine Isoleucine Norleucine 

In aqueous acetic acid (90% v/v) and 0.002M H~(OAC)~ at 20°C 

2.5 66.29 40.70 46.06 46.06 44.14 47.98 43.62 
5.0 66.02 40.30 47.02 46.06 44.14 46.37 44.14 

10.0 67.82 38.33 44.14 44.06 45.46 41.98 42.33 
15.0 65.92 43.18 46.52 45.98 43.58 46.37 44.06 
20.0 66.34 43.25 45.62 44.29 44.05 48.33 42.89 
30.0 67.23 43.10 45.42 46.06 43.84 47.89 43.20 

In 0.2M perchloric acid, 30% acetic acid and H~(OAC)~(O.OO~M)~~ 30°C 

2.5 211.2 4.62* 20.70 13.65 25.70 17.38 19.50 
5.0 345.4 6.72* 38.38 20.65 42.20 28.79 31.63 

10.0 611.2 9.60* 80.61 30.70 53.70 42.22 50.15 
15.0 748.5 10.40* 110.35 42.22 69.10 53.74 66.03 
20.0 933.3 13.70* 167.90 49.89 92.00 69.09 77.60 
30.0 1020.0 16.61' 222.90 61.42 104.70 87.10 100.01 

In 0.2M Potassium hydroxide at 3o"c 

5.0 19.12 53.74 38.38 19.19 24.38 23.03 32.04 
10.0 26.87 91.20 49.90 23.03 34.55 26.87 57.57 
15.0 30.71 114.80 57.58 24.82 42.22 28.79 69.09 
20.0 34.55 138.20 65.75 26.86 53.75 34.55 95.96 
30.0 47.33 169.80 75.01 32.63 66.07 38.55 112.00 

*at ZOOC: [NEIA] = O.CClM 

Table 2. Kinetic data and thermodynamic parameters for the oxidation of aminoacids 
by N-bromoacetamide at 30°C 

Observed order 
Aminoacid with reswct to Ea 

-AS' AH+ A& 
log P-2 

[NBA][~~~][H+.]/[oH-] 
kJ mol-' J K-+nol-l kJ m01'~ kJ mol-' 

In aqueous acetic acid (90% V/V) and O.CO2M Hg(CAcj2 

Phenylglycine 
Alanine 
Phenylalanine 
Valine 
Leucine 
Isoleucine 
Norleucine 

Phenylglycine 
Alanine 
Phenylalanine 
Valine 
Leucine 
Isoleucine 
Norleucine 

1.0 zero - 63.18 
1.0 57.44 
1.0 59.83 
1.0 57.44 
6.0 60.38 

65.10 
63.18 

In 0.2M Perchloric acid, 

1.0 0.8 -0.72 53.56 
1.0 0.6 -0.80 81.02 
1.0 1.0 -1.00 72.72 
1.0 0.7 -0.70 84.91 
1.0 0.7 -0.60 88.73 
1.0 0.7 -0.65 78.25 
1.0 0.7 -0.65 73.48 

101 
120 
113 
120 
111 
96 

104 

30% acetic 

121 
55 
92 
40 
23 
60 
73 

60.75 90.44 7.5 
55.01 90.16 6.5 
57.41 90.46 6.9 
55.00 90.90 6.5 
57.45 90.42 6.7 
62.66 90.44 7.8 
60.74 91.20 7.4 

acid and 0.002M Hg(OAc12 

51.67 87.61 6.5 
78.50 95.15 9.9 
70.20 92.03 9.0 
82.39 94.64 10.7 
86.22 93.05 11.6 
75.73 93.83 9.7 
70.96 83.08 9.0 

In 0.2 M Potassium hydroxide 
Phenylglycine 1.0 0.5 0.67 68.91 93 66.41 94.64 7.9 
Alanine 1.0 0.6 0.70 75.73 62 73.21 91.90 9.6 
Phenylalanine 1.0 0.5 0.72 74.73 72.19 81.39 11.2 
Valine 1.0 0.7 0.60 83.89 

4': 
81.37 95.36 10.4 

Leucine 1.0 0.6 0.75 80.41 55 77.89 94.48 Isoleucine 1.0 0.3 0.68 88.12 31 85.60 95.02 1::; 
Norleucine 1.0 0.8 0.65 82.32 45 79.49 93.05 10.5 
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Mechanisms in AcldMediumt 

Addition of acetamide decreases the rate of oxidation. This retarding effect 

suggests that the pre-eguilibrium step involves a process in which acetamide is OIE 

of the products. 

CH3CCNHBr +H20 k1 \ CH3CCNH2 + HOBr 

Y- 

(2) 

The probable oxidising species in the reaction are NBA, NBAH+, HOBr or H20Br: 

out of which NBAH+ and H20Br+ may be discarded, because of inverse dependence of 

reaction rate on [H+]. The same observation has been made in the oxidation of 

aminoacids by hypobromous acid (Table 3). Of the remaining two, HOBr and not N8A 

should be the oxidisfng species, since the rate Is also inverse function of aceta- 

mide concentration. A plot of inverse of the observed rate constant against the 

acetamide concentration is linear (r = 0.998; s = 0.03) (Fig.1). 

Table 3. xffect of [~C104] on the rate of oxidation of aminoacid by NBA at 30°c 

[substrate]=O.OlMt [oxldant]=O.OOlM; LHg(CAc)2]=0.002M: AcOH-H20 = 30-~O%(V/V) 

1HClC41 
M 

lo4 x kobs s-l 

NBA oxidation HOBr oxidation 
Vallne Pnenylalanine Vallne Phenylalanine 

0.1 4.36 15.49 15.84 61.40 
0.2 2.63 7.07 10.75 32.60 

Z:d 1.52 1.20 3.16 1.99 5.00 3.07 15.40 12.50 
0.8 0.95 1.38 2.40 8.23 

In acid medium, aminoacid exists in its protonated form (SH? which is resis- 

tant to attack by NBA. It is observed that the rate has inverse dependence on LH+). 

Thus the only species possibly controlling the rate of oxidation seams to be 

RCH(NH~)COCH. Fractional order in the [substrate] except in the case of phenylala- 

nine and a definite Intercept in the l/kobs against l/Lminoacid] plot, suggest 

that the decomposition of the complex formed from the substrate and HOBr is the 

rate-determining step as shown in Scheme I. 

RCH(NHf)CCCH k2 x RCH(Nii2)CiX)H + H+ 

(SH+) 
\ 
k-2 (5) 

RCH(NH~)C&H + HOBr k3 ' tRCH(NH2)CCX)-8r] + H2C 

k-3 (complex) 

LRCH(NH2]COO-Br kd z/ RC+H(NH2) + CO2 + Br- 

RC+H(NH2) fast 
RCH = NH + H+ 

RCH P NH + H20 Xz+ RCHO + NH3 

Scheme I 

The rate law for the above mechanism may be derived as follows 

Rate z w = kd [COI@~X] 

kdklk2k3 [N~A] [sH+] 
P 

k_lk_2k_3LCH3CCNHz?l[H+] 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 
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The NBA is present in complexed and uncomplexed forms. Hence the total NBA 

concentration can be given as: 

[NBAIT P [NBA] + [HOBO] + [complex] 

I [NBA] + 
kl LNBA] 

+ 
kl k2 kj LNBA] [SH+] 

k_lPyO~21 k_lk_2k_3~CH3C0N"2]LH+] 

(11) 

[NBA] - 
INNT 

(12) 
k_lFHjCCNH21 + kl + kl k2 k3 L"H+]&2k_3[H+] 

(10) 

k_l tCH3CmH2 1 

substituting [NBA] in equation (9) 

+=A], kd kl k2 k3 tmA1, [=+I 
dt = k_lk_2k_31~3CC'NH2] [H+] + klk_,k_,lH+] + klk2k3[SH+] 

(13) 

On rearranging the equation (13) % 

lhobs = C k_lk_,k_3tCH3CoNH2]tH+] + k_2k_3tH+] 
(14) 

kd kl k2 k3 kd k2 k3 

According to equation (14), the plots of l/kobs versus lacetermide], l/kobs 

versus LH+] and l/kobs versus l/[aminoacid] should be linear. This has been found 

to be the case, thus supporting the mechanisms proposed. 

In the case of phenylalanine, a plot of log kobs against loglsubstrate] is 

linear with a slope of 1.00 (~0.02) and a plot of kobs against isubstrate? also 

gives a good straight line (r = 0.986) passing through the orgin. These observa- 

tions lead to the conclusion that the order in Lphenylalanine] is unity. Further 

confirmation of first order in phenylalanine and fractional order dependence in 

other aminoacids is also supported by the results of oxidation by hypobromous acid 

(Table 4). So the formation of the complex is the rate determining step and the 

rate expression is 
d[NBA] klk2k3 LNBA] L.SH+] 

-PC (15) 
dt k_lk_21=H3~~21[H+l 

Table 4. Effect of varying [substrate] on the rate of oxidation by HOBr 

LHOBr]=O.OOIM; [HC104]/[~0~]=0.2M: temp = 30°C 

lo3 x [sub] 
lo4 x kobs s-l 

M Perchloric acid Potassium hydroxide 
Valine Phenylalanine Valine Phenylalanine 

2.5 4.21 12.59 22.02 32.08 
5.0 6.91 24.30 20.27 31.04 

10.0 10.75 45.67 23.03 33.00 
15.0 14.58 63.00 X.11 30.28 
20.0 19.19 86.10 22.08 33.56 

In the absence of mineral acid the rate is zero order with 

acetic acid-water mixture which can be explained by considering 

of NBA to be the rate determining step. 

[substrate] in 

thehydrolysis 

-d[NBA]/dt I k,[NBA][S]O 
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Mechanism In Alkaline Medium: 

In alkaline medium, the active species may be NBA- or OBr- formed from the 

following reactions: 

CH3CONHBr + OH' 

(NBA) 

HOBr + OH- 

HOBr is formed from the hydrolysis of 

2 CH3CON-Br + H20 (16 

(NBA-1 

- OBr- + H20 (17 

NBA (equation 2). In alkaline medium, 

1 

1 

unlike in acid medium, there is no effect of added [acetamide] on the rate of 

reaction. Hence it is suggested that NBA- is the active species. In order to 

confirm this, experiments have been carried out using HOBr as the oxidant In 

alkaline medium in which OBr- Is the oxidising species. Even at the lowest con- 
20 

centration of alkali used, hypobromous acid exists exclusively as hypobromite ion . 

The kinetic data shows that the reaction is zero order with respect to Lsubstrate] 

in HOBr oxidation while it is fractional order in NBA oxidation (Table 4). 

Similarly it shows first and fractional orders in [OH-] with HOBr and NBA respec- 

tively (Table 5). These differences suggest that it is only NBA- and not OBr- 
which is the active species. If OBr- were to be the active species, the kinetic 

data obtained in NBA oxidation would have been similar to that obtained in HOBr 

oxidation. Aminoacid exists in its anionic form@') in alkaline medium and SO the 

mechanism can be written as given below (Scheme II). 

CH3CONHBr + OH- 
\ 

K4 1 CH3CON-Br + H20 

a-- 
NH2 

--- 
, 

K5,i R_hH_C//o 
I 
I 

CH3CON-Br + RCH(NH2)CCO- 8 
-: ’ o- 

I 
I I I 

(s-1 I ef( I 
I - Br I 
I I 

I 
i CH - c - 0 I 

5 I 
: 
L.. 

&mplex) 1 
_.: 

,.-- -- -I 8 8 m2 
I I 
: R-al-C/ RLP 
, 

-CH3 + Br- + CC2 + NH3 + OH- 
8 I 

< ; & 

I er; - Br 
, I I 

i H20 
8 

:CH3-C=O : 
L._ .,J 

RXN-E - CH3 + H20 m> RCHO + CH3CONH2 

(18) 

(19) 

(20) 

(21) 

Scheme II 

Table 5. Effect of varying [OH-] on the rate of oxidation of valine 

[Valine)=O.OlM; [oxldant]=O.OOlM~ tefnp = 3o"c 

104 x s -1 
[OH-]/M kobs 

0.1 0.2 0.4 0.6 0.8 1.0 

NBA oxidation 1.74 2.32 3.24 3.91 4.57 5.89 

HOBr oxidation 9.91 21.11 46.06 76.76 102.80 150.60 
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The rate expression derived from the mechanism is 

Rate = - d[NBAl dt = k;icomplex] 

= k; K~K~ LN~A] 1s I [OH I 

The total NBA concentration is given by 

[NM], = 

= 

substituting [MA] In 

iNan] + [NBA-] + [complex] 

[NaA] + K,[NbA][OH-] + K4KslNBA][s--l[OH-] 

equation 23 

(24) 

(25) 

@BAIT kb K4K5 [N9A’lT [S-l [OH-] 
_P = (26) 

dt 1 + K4[OH-'I + K4K5tS-]LOH-] 

Rearranging the above equation 

1 

(22) 

(23) 

mobs = + 
k; K4K5 LS-] [OH-] 

Fmm the above equation, it Is evident 

1 1 
+- (27) 

k; Kg is-1 k' 
d 

that k: (decomposition constant of the 

complex) can be calculated from the intercept of the plot Of l/kobs versus 

l/[aminoacid]. Naking use of k:, K5 (equilibrium constant of formation of the 

complex) has also been calculated from the intercept of the plot of l/kobs versus 

l/[OH-1. Substituting the value of k: and K5 in the slope obtained either from 

the plot of l/kobs versus l/[aminoacid] or from that of l/kobs versus l/l]OH-1, K4 

(equilibrium constant of formation of the anion of NSA) has been calculated and 

found to be in the order of 3.3 2 0.02. The values of K5 and k: for various 

aminoacids are given in Table 6. 

Table 6. Equilibrium constant K5 and decomposition constant ki for various 
aminoacids In alkaline medium at 30°C 

meny1- Alanine Phen '- glycine x alan ne Valine Leucine Isoleucine Norleucine 

lo2 x K5 
litre mol'l 3.38 4.71 2.50 2.73 0.77 2.65 1.56 

lo4 x 
-1 ki 

set 
4.22 20.84 8.27 3.28 8.39 3.95 17.23 

Carboxvlate Catalvsls: 

The rate constants for the NBA oxidation of aminoacids are strongly dependent 

upon the concentration of carboxylate buffers. At constant pH (4.4), the pseudo- 

first order rate constant increases as a linear function of buffer concentration 

for all the buffers examined. Catalytic constants of five carboxylate buffers for 

all the aminoacids are collected in Table 7. The plot of logarithm of catalytic 

constant versus pKa of the general acid is linear with slope 'in' (the Bdnsted 

coefficient) which is In the range of 0.38 - 0.46. It has been observed that the 

reaction is first order in [oxidant], and zero order in [substrate]. There is no 

effect of added acetamlde in these reaction. This suggests a slow rate-detennin- 

ing formation of RCOOBr from NSA and RCOONa. RCOOBr, an effective electrophile, 

combines with substrate in a fast step to give the products. 

The mechanism can be written as in Scheme III. 
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CH3CONHBr + RCOO-Na+ 

RCCOBr + RCH@H2)CO2H 

RC+H(NH2) 

RCH P NH + H 0 2 

CH3COHN'Na+ + RCOOH 

RCOOBr + CH3COHN_Na+ 

fast RCH(NH2)CODBr + RCOOH 

xl& RC+H(NH2) + CO2 + Br' 

* 
RCH = NH + H+ 

X& 
RCHO + NH 

3 

-fast) CH3CONH2 + RCOO'Na+ 

Scheme - III 

and the rate expression is 

-d[NBA]/dt I k6[NBA] [ RCOONa] 

Table 7. Carboxylate catalysis of the NBA oxidation of aminoacida at 25OC 

[substrata]=O.OlM~ iNBA]=O.OOlMt [Hg(OAc)2]=0.002M; pH - 4.4 

(28) 

(29) 

(30) 

(31) 

(32) 

(33) 

Catalytic constants x lo4 
Substrate Chlorn- Chlom- 

acetate propionate Acetate Butyrate Propionate '0' 'S' lrl 

(2.87)* (4.01) (4.76) (4.81) (4.87) 

Phenylglycine 1.69 6.02 12.83 13.18 15.14 0.46 O.oIO 0.998 
Alanine 1.45 4.57 8.91 9.33 10.00 0.39 0.050 0.999 
Phenylalanine 1.74 5.89 12.02 12.50 13.49 0.44 0.037 0.998 
Valine 1.48 4.36 8.51 9.12 9.55 0.38 0.035 0.999 
Leucine 1.59 4.79 9.55 10.00 10.47 0.41 0.050 0.998 
Isoleucine 1.71 5.25 10.00 10.47 11.22 0.40 0.035 0.997 
Norleucine 1.62 5.49 10.96 11.22 12.02 0.42 0.037 0.998 

*Paranthesis values are the corresponding pKa of general acid. 

ti-B&nsted coefficient J r-regression coefficient: s - standard deviation 

The effect of dielectric constant of the solvent on the rate of reaction has 

been studied by varying the canposition of acetlc acid-water mixture from 10 to 

90%. In the presence of perchloric acid, it has been observed that the rates 

increase with increasing dielectric constant (D) of the medium. Amis21 has shown 

that a plot of log kobs versus l/b gives a straight line, with a positive slope 

for a reaction between a cation and a dipole and a negative slope 

or dipole-dipole interactions. In the present case, the plot of 

l/D is a straight line (Fig. 2CLD) with negative slope indicating 

dipole interaction. As indicated in the mechanism, the slow step 

action between HOBr and unprotonated aminoacid. 

for anion-dipole 

log kobs against 

the dipole- 

involves inter- 

In the absence of perchloric acid, the rate increases with increase in 

percentage of acetic acid upto 25% and then decreases with further increase of it. 

The deviation observed is shown in the plot of log kobs against l/D (Fig. 2EA.F). 

A similar behaviour Is noticed in the conductivity studies as well. The conduc- 

tivity of acetic acid water mixture increases upto 25% but later decreases with 
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increase in the percentage of acetic acid (Fig. 2A). It is also found that in the 

presence of perchloric acid, the conductivity of acetic acid water mixture 

decreases linearly with increase in the amount of acetic acid (Fig. 28). The con- 

ductivity experiments in the absence of perchloric acid indicate that the extent 

of dissociation of acetic acid gradually increases upto 25% and then decreases 

with further increase and the acetate ion concentration in the medium also changes 

100/D - 

1.0 2.0 3.O~J&[D] 

O”) 
0.6 

f 0.5 " 
I% 

4 
0 0.1, 

X 

2 0.3 
0 

\' 
- 0.2 

0.1 

1 O3 x [Aceto mide] M - 

0.8 

0.7 

0.6 

Fia. 2 

It; I 
C-F - 

c&E - 
c&D - 
E&?' - 

20 40 60 80 

Percentage of Acetic acid +[A]&[,] 

- A-BI Plot of conductance (rnmho) 
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correspondingly. Based on this data, the deviation observed in the Amis plot 

(Pig. 2ECJ?) can be explained as follows. Since acetate ions catalyse the reaction 

there is a gradual increase in rate with increase in acetic acid upto 25%. In 

initial stages, catalysis by acetati ions overcomes the decrease in rate due to 

fall in dielectric constant and increase in hydrogen ion concentration and so 

there is a net rate increase. Once the dissociation decreases due to rise in 

concentration, these two factors act in hanmny and together affect the rate. The 

concentration of acetic acid and of its monohydrate decrease rapidly while the 

concentration curve for the dimer rises steeply 
22 

. This, cunbined with the 

decrease in dielectric constant of the medium, account for the fall in the rate 

of oxidation as observed in 60 to 90% acetic acid solutions. Thepresenceof 

mineral acid retards the rate to a great extent apparently due to obvious suppre- 

ssion of dissociation of acetic acid. 
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Aminoacids are polyfunctional and the nature of the functianel groups changes 

with PH. The o;;erved pH rate profiles (Fig.31 are very similar to those obtained 

for the glycine . Fran the pH effect it can also be seen that RCH(NHg)CO2H is 

inactive while zrdttar ion and anion are active. Depending upan the relative pro- 

portion of switter ion and the anion, the rate varies with pH. The maximaof the 

two peaks wrrespond to PK, and pK2 which are in agreement with literature values. 

Beyond pH 9.0, the rate is directly proportional to the pH of the medium. This is 

understandable from the fact that the anion concentration is on the rise with 

increase in pH and also there is more NBA'-, the active species, formed from NBA 

due to increase in alkalinity. 

0 4.0 a0 12-O 16.0 

DH---lc 

Pia. - Plot of log k against pH for 
the oxidation of Phen@%lanine iO,OlM) 
by NBA (O.OOlM) in phthalate buffer at 
25OC. All data are extrapolated to 
zero buffer concentration. 

1. Phenyl glycinc 

3. Leucine 

4. Isoleucine 

5 * Nor lcucine 

I 
6. Valine I 
_ _ _ . ^^ 

-0 2 0.0 0.2 0.4 u-6 

)t 

G-- 

Fia.4 - Plot of log k 
constant) versus Taff*g- substituent 

($ac0~position 

constant for otidation of amino acids 
by NBA at 3O'C. 

Under identical conditions the reactivity of aminoacids In perchloric acid 

medium is in the order: phenylglycine > phebylalsnine > leucine > norleucine > 

isoleucine > alanine > valine. Electron withdrawing nature of R group appears to 

increase the rate of the reaction which is evident from the rates studied at 

different temperatures, though the plot of log kobs versus U%ubstituent constark) 

has not been found to be a straight line. Hence from the intercept of the double 

reoiprocal plot of l/kobs versus l/[aminoacid] the apparent decomposition constants 

(kd) have been obtained for all the substrates and the plot of log kd versus s" 

is linear with a $(reaction constant) value of 2.65 (Fig.4). The positive value 

of p indicates that the reaction is facilitated by low electron density at the 

reaction site. The order of reactivity in alkaline medium is phenylalanine > 

alanlne > norleucine > leucine > phenylglycfne > isoleucine > valine. However, in 

this medium both the plots, log kobs versus 2 and log k& versus & are found to 

be scattered. 

The. proposed mechanisms are well supported by the moderate values Of energy 

of activation and thermodynamic parameters (Table 2). Fairly high positive values 

of the free energy of activation AC+ and the enthalpy of activation axe indicate 

that the transition state is highly solvated while the negative entropy of 
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activation&3 # suggests the formation of an activated complex with a reduction in 

the degrees of freedom of molecules. lhe activation enthalpies and entropies of 

oxidation of all aminoacids except phenylalanine are linearly related. The corre- 

lation has been tested from the linearity of Exner's 
24 

plot of log k313Kagainst 

log k2913 I('r I 0.9871. The isokinetic tenperature (B') determined from the slopes 

(0.82 in acid medium and 0.80 in alkaline medium) of exner's plot are 406 K and 

393 K in acid and alkaline media respectively. The values are fairly in good 

agreement with those obtained from the isokinetic relationship (AH' =*Hgf+ e&, 

VIZ. 400 K in acid medium and 396 K in alkaline medium. 
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