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Abstract: Kinetics of oxidation of some aliphatic primarng@holsviz., methanol, ethanol, propan-1-ol, butan-
1-ol and pentan-1-ol by N-chloropyrazinamide (NCRAas been studied in aqueous acetic acid mediten. T
reaction shows first order dependence with resjpefdi CPZA] and [H]. The order with respect to [alcohol] is
zero. Addition of chloride ion concentration hassignificant effect on the reaction rate. The @texidation
increases with decreases in dielectric constatiteomedium. The variation of ionic strength anditaid of the
reduction product, pyrazinamide have also beenieslud\rrhenius and thermodynamic activation paramnset
have been evaluated. A suitable mechanism consistinthe observed kinetics has been proposed.

Keywords: kinetics, oxidation, mechanism, aliphatic alcah®-chloropyrazinamide.

INTRODUCTION

Kinetic study provides useful information about thechanism and rate of chemical reaction, whichs&
run a chemical reaction successfully by a way g optimum condition as to get maximum yidtdalso
helps us to study the factors which influence the rof reaction such as temperature, pressurefratédbs
concentration, oxidant concentration, compositibreaction mixture and catalyst. The reaction kogeplays a
very important role in the investigation of the agan mechanism. Aliphatic alcohols are used ad Barface
treatment disinfectants, sanitizers, a sterilamtjcides, fungicides and mildewcides. Kinetics afdation of
alcohols by various oxidizing reagents has beerl detumentet'®. The kinetics of oxidation of some
aliphatic primary alcohols by a newly synthesizeddant, N-chloropyrazinamide (NCPZA) has not been
reported so far and hence need for the preserdtigedion.
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EXPERIMENTAL

All chemicals were used of AnalaR grade. Condugtiwiater was used throughout the study. All theladds
were used after their distillation by proper mettawdl purity checked by their boiling point. Thewmn of
perchloric acid was prepared by known volume ofl aciwater and standardized by sodium hydroxidagisi
phenolphthalein indicator. Sodium chloride solutieas used as a source of JCI

N CONH CONHCI
| TCICA N
Shcoody |
= CH,COOCH _
Pyrazinamide (PZA) N-chloropyrazinamide (NCF

Fig. 1. Reaction for the synthesis of N-chloropyrazinamide

N-chloropyrazinamid® was prepared by chlorinating pyrazinamide usimchlioroisocyanuric acid (Fig. 1).
NCPZA solution was prepared by dissolving the knammunt of NCPZA solid in water and standardized by
iodometrically using starch indicator.

KINETIC MEASUREMENTS

The reaction was carried out under pseudo-firstroocdnditions [alcohol] >> [NCPZA] in aqueous acedtid

medium containing perchloric acid. The reactionsenellowed potentiometrically by measuring thegtals

of the reaction mixture at regular time intervdlbe pseudo-first order rate constant was computad the

linear plots of log (B E ) versus time where ks the potential at time't’ and.E is the potential at infinity
time.

Product analysis

A mixture of propan-1-ol (0.03 M), NCPZA (0.02 Merchloric acid (0.30 M) and sodium chloride (ON3P
was made up to 50 ml in 80% acetic acid-20% waigtume (v/v). The mixture was kept in thermostat 4oh
and the residual mixture was then extracted widthgi ether and washed with water. The ether layas
separated and dried over anhydrous sodium sulphiageproduct was confirmed to be propon-1-al.

Stoichiometry

To determine the stoichiometry for the oxidationatdéohols with NCPZA, a mixture of NCPZA (0.04 M),
methanol (0.02 M), perchloric acid (0.30 M) andisad chloride  (0.30 M) was made up to 25 ml 08
acetic acid - 20% water mixture. After keeping tieaction mixture for 24 h, the excess of NCPZA was
determined iodometrically and it was found that skechiometry was 1:1. Similar stoichiometric enpents
were carried out for all the alcohols and stoictetnynwas found to be 1:1.

RCH,OH + GH3N,CONHCI + HGH—"> RCHO +,83N,CONH, + 2 HCI
where R =H; R'=H for methanol, R = ¢HR' = H for ethanol,
R = CHCH,; R' = H for propan-1-ol, R = C&€H,CH,; R' = H for butan-1-ol,
R = CH; CH,CH,CH,; R' = H for pentan-1-ol.
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RESULTS AND DISCUSSION

Effect of oxidant concentration: The oxidation is carried out with different initieoncentrations of NCPZA
and the results are given in Table 1. It is seahttie pseudo first-order rate constant remainsahnee with the
increase in the initial concentration of the oxidan

Table 1: Effect of variation of [NCPZA] for the oxidation of alcoholsat 323 K

[Alcohol] = 3.0x 1G'M [HCIO,] = 3.0x10'M
[NaCl] = 3.0x10 M Solvent (viv) = 80%CECOOH - 20% HO
[NCPZA] x 10° Kops X 10% (s1)

(M) methanol ethanol propan-1-ol butan-1-ol pentan-1-ol
2.0 2.41 2.51 2.46 2.64 2.47
3.0 2.51 2.60 2.49 2.67 2.52
4.0 2.37 2.58 2.36 2.60 2.43
5.0 2.36 2.42 2.52 2.55 2.47
6.0 2.40 2.47 2.44 2.62 2.40

Effect of substrate concentration: In order to study the effect of [alcohol] on theter of oxidation, the
reactions are studied over a tenfold variationaltdhol] at constant concentrations of all reactaatt fixed

temperature. The rate constants are found to bdyritba same for all the concentrations of alcodadhibiting

zero order kinetics with respect to [alcohol].

Effect of perchloric acid concentration: The effect of hydrogen ion concentration on the @ oxidation is
studied by varying [HCIG} while keeping the concentration of other reactaminstant (Table 2). The plots of
log kopsversus log [HCIQ) are linear with unit slope indicating first ordéependence of [HCI{Don the rate of
oxidation

Table 2: Effect of variation of [HCIO,] for the oxidation of alcohols by NCPZA at 323 K

[Alcohol] = 3.0x10M [NCPZA] = 2.0x1G M
[NaCl] = 3.0x10M Solvent (viv) = 80% CKCOOH - 20% HO
[HCIO ] x 10 Kops X 10° (S™)

(M) methanol ethanol propan-1-ol butan-1-ol pentan-1-ol
2.0 1.57 1.62 1.59 1.69 1.62
2.5 1.93 2.03 2.00 2.14 1.99
3.0 2.41 2.51 2.46 2.64 2.47
35 2.82 2.84 2.80 3.05 2.81
4.0 3.17 3.28 3.19 3.44 3.30

Effect of sodium chloride concentration: Addition of [CI] ion in the form of sodium chloride has no
significant effect on the rate, indicating thatfree chlorine was formed.

Effect of solvent composition: The influence of solvent dielectric constant ba tate of NCPZA oxidation of
aliphatic alcohols has been carried out in variealrent mixtures of acetic acid and water. The @Eite
oxidation increases with increase in the acetid aontent of the solvent mixture (Table 3). Blarke&riments
performed show that acetic acid is not oxidizechilCPZA under the experimental conditions employidte
plots of log kysversus 1/D (D is the dielectric constant of thalimm), gives straight line with positive slope.
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Table 3: Effect of variation of solvent composition for the oxidation of aliphatic primary alcohols by
NCPZA at 323K

[Alcohol] = 3.0x10°M [NCPZA] = 2.0x1GM
[HClO,] = 3.0x10M [NaCl] = 3.0x10 M
CH3COOH -H,0 D Kobs X 10° (%)
% (VIV) methanol | ethanol | propan-1-ol | butan-1-ol | pentan-1-ol
65-35 28.63 0.31 0.29 0.18 0.23 0.37
70-30 25.45 0.48 0.47 0.35 0.41 0.59
75-25 22.27 1.11 1.04 0.82 0.89 1.29
80-20 19.09 2.41 2.51 2.46 2.64 2.47
85-15 15.91 6.42 6.62 6.88 6.88 6.23

where D is the dielectric constant of the medium

Effect of ionic strength: The ionic strength of the reaction medium is dgezhby the addition of sodium
perchlorate and the influence of ionic strengthtl@nreaction rate is studied. It is found thatitrec strength
on the reaction medium has no significant effethwicrease in [NaCI©H,O].

Effect of pyrazinamide concentration: A variation in [pyrazinamide] has been employeathva view to find
the reactive species of the oxidant. Increase iceatration of pyrazinamide has no significant effen the
rate of oxidation.

Polymerization test: The added acrylonitrile has no effect on the ieaatate,i.e. the reaction does not induce
polymerization of acrylonitrile indicating the alose of free radical pathway.

Effect of temperature: The rates of oxidation of alcohols are determiaedifferent temperature (Table 4) and
the rates obey Arrhenius equationidecalculated from the slopes of the straight ained by plotting log
konsversus 1/T. The thermodynamic activation parametersilso calculated for all the alcohols (Table 5)

Table 4: Variation of ratewith temperaturefor the oxidation of aliphatic primary alcohols by NCPZA

[Alcohol] = 3.0x 10'M [NCPZA] = 2.0x1C0M

[HCIO,] = 3.0x10'M [NaCl] = 3.0x10M

Solvent (viv) = 80% CKCOOH - 20% HO

Temperature Kobs X 10° (%)

(K) methanol ethanal propan-1-ol butan-1-ol pentan-1-ol
313 1.42 1.50 1.33 1.30 1.41
318 191 1.95 2.05 1.77 1.73
323 2.41 2.51 2.46 2.64 2.47
328 3.31 3.57 3.43 3.35 3.39
333 4.62 4.49 4.59 4.35 4.45
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Table5: Arrheniusand thermodynamic activation parametersfor the oxidation of aliphatic primary
alcohols by NCPZA at 323 K

Alcohol E, AH? AS AG? log A

kJ mol™ kJ mol™ JK*mol* kJ mol™
methanol 50.38 47.69 -64.29 68.46 9.55
ethanol 48.47 45.79 -66.70 67.33 9.26
propan-1-ol 51.89 49.21 -61.93 69.21 9.80
butan-1-ol 52.99 50.30 -60.44 69.83 9.96
pentan-1-ol 51.46 48.78 -62.73 69.05 9.19

The fairly high values of enthalpy of activatiohH?), free energy of activatiodG’) and energy of activation
(E, indicate that the transition state is highly stéd. The negative values of the entropy of adtimaAS")
suggest an extensive solvation of the transitiatestver the reactafts

MECHANISM

The most possible mechanism for the oxidation d@bhaltic primary alcohols by N-chloropyrazinamide
involves the protonation of NCPZA in the rate detiging step followed by the interaction with alcbbm give
the products. Under the experimental conditiong, plossible oxidizing species are, CHOCI, HOCI,
NCPZAH" and NCPZA itself in aqueous solution. Since thisreno effect due to Clthe possibility of
involvement of Clis ruled out.

Since the rate increases with increase in [H{liDis assumed that NCPZAHs an effective oxidizing species
in the present study and keeping the above datarisideration the following mechanism has been gseg
for the oxidation of alcohols by NCPZA. The meclsamishown in this scheme leads to, under the conditi
that the formation constant K of the oxidant-sultstcomplex is largé 2

k
NCPZA + k#l NCPZAH ..(1)
-1
N k> . (2)
NCPZAH" + S ———Complex (fast)
k_2
Ks
Complex ——> Product (slow) ... (3)
rate = k [Complex] .. (4)

Applying steady state approximation to complex,

rate = k [NCPZAH'] [S] — k_,[Complex] — k[Complex] = 0 BIG)
[Complex] = k. [NCPZAH'] [S] ...(6)

K o+ks
rate = k [NCPZA] [H'] — k_4[NCPZAH"] — k,[NCPZAH'] [S] = 0 .. (7)
[NCPZAHT = k; [NCPZA] [H']

k_1+kz[S] ... (8)
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Substituting equation (8) in (6),

[Complex] =

ko ki INCPZA][H[S]
K _o+Ks k _1+ks [S] ... (9)

Substituting equation (9) in (4),

Ky ka ks [NCPZA] [H™] [S] - (10)
rate= X

K_2+ks k_1+k>[S]
Assuming k; << k; [S], we get

ki kz ks [NCPZA]H[S]
rate =

Kot ke o [S] .. (11)
rate= ﬂ X [NCPZA] [H+]

K_.ks .. (12)
rate = k [NCPZA] [H] .. J13

K1 ks

where k= m

S = alcohol

Equation (13) shows the first order dependenc&l@HZA] and [H] and zero order dependence of [alcohol].
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