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ABSTRACT

The present study deals with the kinetics and mesima of Ml catalyzedperiodate oxidation of N, N-
dimethylaniline (DMA) in acetone-water medium at‘@0The reaction was initiated by mixing previously
thermostated Nal@solution of known concentration to the reactiorxtanie containing the DMA, Mnand buffer.
The kinetics was followed under pseudo first oerditions, [IQ] >> [DMA],

— d[l051/dt = Keps. [DMA]Mn ][I0 4]

The stoichiometry of the reaction was observed ¢olt? mole ratio of DMA to periodate ions. Free icad

scavengers do not affect the reaction rate. Thetrea products were identified and isolated usingCTseparation
techniques and characterized by IR, and GC-MS sgestudies. The reaction was found first orderhwiéspect to
each reactant. The effect of pH, ionic strength digdectric constants were also studied on the aitesaction. A
suitable mechanism is proposed based on the expetairesults. The activation parameters were eat@ld and
found: Ea = 6.98 kcal mol, A = 10.98x 16 dn? mol* s*; AS' = -35.43 cal mol*, AF* = 17.34 kcal méf* and

AH* = 6.36 kcal mol'.
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INTRODUCTION

Aromatic amines have known to be carcinogenic imés [1-2]. They can be exposed into body through(d.g.
pesticides), pharmaceuticals, hair dyes, smokindy iadustrial exposure e.g. textile, rubber andHeat N, N-
dimethylaniline is one of the aromatic amine whigtuses unconsciousness, vomiting and dermatiiis altyellow
color liquid having a characteristics odor, turngvin when exposed with air and decomposes on lgeptoducing
highly toxic fumes of aniline and nitrogen oxidé®w reports are published in literature on the tiénstudies of
Mn" catalyzed non-Malapradian periodate oxidation mietic amines [3-7]. Recent reports include the' Mn
catalyzed oxidation of acridine yellow by chloramnii [8]. The purposes of the present study aretdBscertain
the reactive species of the reaction, (2) to ehteidhe possible reaction mechanism, (3) to sthdyeffect of
various factors on reaction rate, (4) to calcuthie activation parameters, (5) to predict the simmetry of the
reaction and (6) product analysis.
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MATERIALS AND METHODS

Reagents and Chemicals

Sodium metaperiodate and manganese sulphate maatdydf CDH make (A.R. grade) were used after
recrystallization. N, N-dimethylaniline of Sigmadklch was used after zinc dust double distillatiora borosil
glass assembly. Acetone, ether and chloroform we@&DH (AR) grade and were used after distillatidhe pH of
reaction mixtures was maintained by using Thiehu#tz and Koch buffer [9], consisting of differemblumes of
0.05 M oxalic acid, 0.02 M boric acid, 0.05 M suiciacid, 0.05 M sodium sulphate and 0.05 M bofkniply
distilled water was used for preparation of theiSohs.

Kinetic Procedure

In all the experiments the pseudo first order kasetvith respect to N, N-dimethylaniline were mongd at 474
nm, i.e. thei,.x Of the yellow color reaction mixture using Schimaddouble beam spectrophotometer (UV
Pharmaspec-1700),,.x was not found to change with change in time umdperimental conditions. The reaction
was studied in a spectrophotometric cell placedhi thermostatted compartment of Schimadzu doubbmb
spectrophotometer and initiated by adding previptisérmostated NalQsolution of known concentration to the
reaction mixture containing the DMA, Mrand buffer and the desired temperature was magdawith a high
precision thermostatic water bath (XL

Product Analysis

Reaction mixture containing oxidant in excess vedisdvernight to ensure completion of the reactiaitially the
reaction mixture was yellow in color which turneda greenish color, thereafter violet color andafiy the solid
product settled down on standing. It was filtered the filtrate was extracted with petroleum et{#-60C). The
extract was evaporated at room temperature to gitky substance that was found to be TLC analgsfg 0.5
mm thick plate of silica gel ‘G’ as adsorbent, adoroform, acetone and benzene in the ratio 48| used as
eluent, and 30 minutes as the time for developma&h® yellowish-brown compound was not be recrijztad even
though number of solvents were tried. It was charased as p-benzoquinone on the basis of positge for
quinine [10] which suggested the presence of guitbstructure in the compound. The IR spectrumKBr)
showed a strong band at 15207¢(s) which is characteristic of nitroso group. Bamdsre obtained at 1230 and
1280 cm* which indicated the presence of aryl ether gro&prther, the bands at 2920 ¢rts) may be due to —
OCH; group. Bands obtained at 1450 and 1350%mn) and 1091 cil(m) may be due to anti-symmetric stretching
of C-O-C structure and C-N stretching respectivélyband at 1730 cm was indicated the presence of aryl
ketonic group. The band at 940 and 1070cwere suggestive the presence of N-O (oxime) grfuguinine
monoxide. On the basis of IR data, this suggesbted the final product was a mixture of the tautasned-
methylquinoneoxime and p-nitrosoanisole as disaliss8cheme-2

Stoichiometry

The stoichiometry of the reaction was determinadinnetrically by keeping NalQin excess to react with DMA.
The reaction had gone to completion over a perib@4oh, the precipitated product was filtered ontl an the
filtrate unconsumed NalQvas determined iodimetrically. A point of inflexiam the curve of log (a-x) versus time
plot indicated the stoichiometry to be 1 mol DMAmdles periodate for the reaction as in equatin (1

H3C\ Mn!!
/N + 2104 + 2HT + H,0 ———— H3C- O + 2HIO; + CH;0H (1)
H,C

RESULTS AND DISCUSSION

Preliminary Observations

On mixing the reactants, the solution becomes Kgliow which further changes into green and thextet in the
later stages. On keeping for long time, it finajlyes the product. These observations indicatéatheation of more
than one intermediate prior to the formation offineaction product. The rapid scan of the lightoye solution
showed thé\maOf the intermediate, £to be 474 nm. The UV-visible spectra of,JODMA and Mr' indicated
these to show no absorption in visible region. Herfor following the kinetics the absorbance changere
recorded at 474 nm at which only the intermediatalorbs.

Effect of N, N-dimethylaniline and Periodate

Under pseudo first order conditions the plot of ks [DMA] ™ and k™ vs [NalQ] ™ were found to be linear with a
very little intercept (Table 1, Figure 1 & 2). Thisdicates that the intermediate formed betweenpisgodate
monoanion and the substrate is not stable.
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Effect of Mn"

The effect of Mfl catalyst was studied on reaction rate using varigl concentration of the Mn The plot of
[Mn"] vs rate has been found linear suggesting thatrosith respect tdMn'""] is one. The results are presented in
Table 2.

Effect of pH
The effect of pH was examined in the range 4.0-Bd&te— pH profile indicates a maximum at pH = 5.5 (Table
Figure 3), which could be due to change in the neabd species and their relative reactivity whes piid is changed.

Effect of lonic Strength

At constant concentrations of DMA, periodate and'Matalyst with constant reaction conditions, thedstrength
was varied between @00 °to 4.0x10° (mol. dm®) by varying the concentrations of a natural sadtism chloride.
The kinetic data of these runs are sited in Tableh& plot between log,kand | (Figure 4) suggesting the salt effect
was positive and primary linear type which indichatbat the rate determining step may be a reatigween ion
and dipole.

Effect of Dielectric Constant

The kinetic data in Table 1 suggested that thedateeased with increased in dielectric constamé. Jlot of log k
vs 1/D was found to be linear with a negative sIfffigure 5), indicating that the rate determinitgpsmay be the
reaction between a dipole and anion, which is agate monoanion.

Effect of Temperature

The rate constants were measured at four differemiperatures (30 to 25) to find out the thermodynamic
parameters. The results of these runs are givralime 3 and Figure 6. A plot of log s 1/T was found linear,
indicating that the Arrhenius equation relating tmperature and specific rate, viz:

log k= [-Ea/2.303 RT] + Constant

was followed. The energy of activation was thercalated from the slope of this curve. Results stibtat the
reaction is characterized by a large negative vafientropy of activation and a low value of activa, suggesting
the formation of a charged and rigid transitiortesta

Effect of Free Radical Scavengers
Free radical scavengers, viz., acrylamide and allyohol had no effect on the reaction rate. Thiggests absence
of free radical in the reaction mixture.

Mechanism of Reaction
Construction of a mechanism requires discussiothenspeciation of DMA and periodate. In aqueousit&nis,
periodate exists in the three forms governed byethélibria (2-3).

HslOg
H4lOg~

HylOg + H K =2.3 x 107 (2)
HolOg?~+ H" K, =4.35x 10° ()

The value of K indicates that in the pH range 4.5-9.0 specig®kkhall be practically non-existent and hence only
species HOg and HIOs® need be considered for explaining observed pH-utégece. For simplification, 0

has been written as JOin the mechanism. In purposed mechan{Stheme-1)Mn"" plays an important role as a
catalyst which justify due to the formation of an@ry complex, [([DMA)Mn(HIOg)]", in which Mn acts as a
conduit for electron transfer.

Based on the results, it assumes that #iéIC (CHs), and HIOg to be the reactive species, the following plagsibl
mechanism is hereby proposed:

ky
CeHsN (CHg) + Mn** [C] @
k
ks ’
[C +[10,7] —> |[CJ]+Mn** (Slow step) (5)
[C.] —> [C4 + CH;OH + HIO; (Fast step) (6)
[Cs] + 10, + H = [C,] + CH,OH + HIO; @)
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[1a7]
[Cqd —> [CJ] (Product) (Fast step) (8)

On applying steady state treatment tot@e rate law in terms of rate of loss of Jlomay be derived as follows:
Rate of loss of [IQ] or — d[I0, )/dt =k3 [C{] [IO4] =

Rate of loss of Cor — d[G]/dt (9)
Rate of formation of C= + d[C]/dt = k; [DMA] [Mn "] =k, [C{]

At steady state, — dj@Zdt = + d[C]/dt

Thereforeks[C4] [I047] = ky [DMA] [Mn "] =k, [C4]

Or [Ci] {ka.[104 7] + kz} = ks [DMA] [Mn **]

or [Cy = ki [DMA][Mn **] (10)
ke [1047 + ko
From, (9) and (10), — d[I}/dt =  ka.ky.[DMA][Mn “][10,] (11)
ke + ka.[1047]

Since equation (5) is slow step and rate determisiap, hence it can be assumed khfiO, ] << k,. Therefore, the
rate law (11) may be written as rate law (12) whegplains all of the observed kinetic data.

—d [101/dt = kKype. [DMAJMn “][104] (12)
Where,kobs= k3.kl / k2

TABLE-1 Mn" catalyzed periodate oxidation of N, N-dimethylanihe in acetone-water medium at 474 nm Values ob and k; at 30+
0.1°C

[NaCl]
[NalO ] [DMA] [Mn"]1x 10 | Acetone | x 1C° H Kopsx10°® Ko
(mol dm® | (moldm®) | (moldm®) | [%(v/v)] (m(gl P (shH (dm®mol™ s
dm’)
0.00006 | 0.00066 80 5.0 - 40| 6.45 9.77
0.00006 | 0.00072 80 5.0 - 40| 691 9.60
0.00006 | 0.00078 80 5.0 - 40| 7.49 9.60
0.00006 | 0.00084 80 5.0 - 40| 8.06 9.60
0.00006 | 0.00090 80 5.0 - 40| 864 9.60
0.00006 | 0.00096 80 5.0 - 40| 9.10 9.48
000030 | 00093 8.0 5.0 - |40 307 10.24
0.00034 | '0o00s 8.0 5.0 - 40| 3.45 10.16
0.00038 | 0000s 8.0 5.0 - 40| 384 10.10
0.00042 | 00002 8.0 5.0 - 40| 422 10.05
0.00046 | '00003 8.0 5.0 - 40| 461 10.01
0.00050 | 00003 8.0 5.0 - 40| 499 9.98
0.0005 | 0.00003 8.0 5.0 - 40| 498 9.98
0.0005 | 0.00003 8.0 5.0 - 45| 12.09 24.18
0.0005 | 0.00003 8.0 5.0 - 5.0 | 26.48 52.97
0.0005 | 0.00003 8.0 5.0 - 55| 57.58 110.54
0.0005 | 0.00003 8.0 5.0 - 6.0 | 18.42 36.85
0.0005 | 0.00003 8.0 5.0 - 6.5 | 13.82 27.64
0.0005 | 0.00003 8.0 25 - 40| 5.99 11.98
0.0005 | 0.00003 8.0 5.0 - 40| 499 9.98
0.0005 | 0.00003 8.0 75 - 40| 415 8.29
0.0005 | 0.00003 8.0 10.0 - 40| 3.46 6.91
0.0005 | 0.00003 8.0 5.0 10 | 40| 1.79 357
0.0005 | 0.00003 8.0 5.0 20 |40| 288 5.76
0.0005 | 0.00003 8.0 5.0 30 | 40| 466 9.33
0.0005 | 0.00003 8.0 5.0 40 | 40| 714 14.28
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TABLE-2 Determination of Order with respect to Mn" at 474 nmand 30+ 0.7C
[DMA] =3.0 x 107° mol dm?®, [NalO,] = 5.0 x 10™* mol dm®, Acetone = 5.0 % (v/v), pH = 4.0, Temp. = 304T1

[Mn"]x10 | 3.0 | 40| 50| 6.0] 7.0
(mol dm?)
(dA/d);x10° | 26.0 | 35.0] 43.0 52.0 61.p
(min™)

TABLE-3 Activation Parameters with respect to slowstep for Scheme 1 at 474 nm
[DMA] =3.0 x 107 mol dm?, [NalOy] = 5.0 x 10*mol dm?®, [Mn"] = 8.0 x 10”7 mol dm?*, Acetone = 5.0 % (v/v), pH = 4.0

= _ ;
Temp. | 10°Kobs 107 Keat Ea Ax10 AS" | AF AH
°C Y | @mPmol?s? | (kcal mor® | @M (cal | (kcal | (keal
mol's™) | mol™) | mol™) | mol™)
30 5.06 1.265
35 5.98 1.495
- Vi
20 737 T2 6.98 1098 | -35.43 17.34  6.34
45 8.75 2.188
160~
150+
()
140+
<130
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110
100

T T T T T T T T T T T 1
1000 1100 1200 1300 1400 1500 1600

[DMA] L

Figure 1 Variation of N, N-dimethylaniline at A= 474nm, Acetone=5% (v/v), Temp. = 30+0°C, pH= 4.0, [NalQ,] = 6.0 x 10°mol
dm™, [Mn"] = 8.0x10° mol dm™
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Figure 2 Variation of Periodate at hnax= 474nm, Acetone=5% (v/v), pH= 4.0, Temp.= 300, [DMA] = 3.0 x 10° mol dm™, [Mn"] =
8.0x10” mol dm™®
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Figure 3 Effects of pH on the rate of M catalysed periodate oxidation of N, N-dimethylanihe in acetone-water medium ahma =
474nm, Acetone = 5% (v/v), Temp.= 3020°C, [DMA] =3.0 x 10°° mol dm, [NalO,] = 5.0 x 10*mol dm™, [Mn"] = 8.0x10" mol dm™

~
o
-

log k, x102

60

50+

40 — T - T - T T 1 T 1T T T T 1T
510 5.15 520 525 530 535 540 545

[x10”

Figure 4 Effect of ionic strength on reaction rate of M catalysed periodate oxidation of N, N-dimethylanihe in acetone-water medium
at Amax= 474nm, Acetone = 5% (v/v), Temp.= 30+0°C, pH= 4.0, [DMA] = 3.0 x 10° mol dm3, [NalO,4]= 5.0 x 10*mol dm™3,
[Mn"]=8.0x10” mol dm
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Figure 5 Effect of dielectric constant on reaction rate of Mi" catalysed periodate oxidation of N, N-dimethylanihe in acetone-water
medium at Ayac= 474nm, pH= 4.0, Temp.= 30+0°C, [DMA] = 3.0 x 10° mol dm™, [NalO,4] = 5.0 x 10*mol dm™, [Mn"] = 8.0 x10’ mol
dm
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Figure 6 Effect of temperature on reaction rate of M catalysed periodate oxidation of N, N-dimethylanihe in acetone-water medium
at Amax = 474nm, Acetone =5% (v/v), pH= 4.0, [DMA] =3.0xI8 mol dm3, [NalO,4] = 5.0 x 10*mol dm™, [Mn"] = 8.0x10” mol dm™

H;C—\y+—CH;s
H(H;CO)N: »(H;ON:— Mn* 3N 30
\¥ P o
+ Mt Fro 0 | >0
ks k3.Slow o
[-Mn*]
[Ci] [Ca]
H+l Fast
CH3 CH; ?H.z
| 0 0
N\\II <9+H3C N\ll _ O'HiC
1
~ o
Fast I Fast o
+HIO39 o H20 é)_
+CH;0H (
5
/N
W [C5] W H
+104~ |Fast
i
‘N ‘N- CH« ‘N- CH~
Rearrange
—_—
0 o) OH
I
: Z | e} H (o)
/ | / \ “Z | O
H N ” \E o H I Z \I =z
| O ™~
o O
ot ©
N-OCH; N-CH; :N-CH;
+10,” —HIO,
- 4—
F -H,O
ast 2 OH2
0 [Cs] 0 [Gl] %
II
O-methylquinone oxime  N- methquumonemonmmme
[SCHEME-1]

45
Pelagia Research Library



Ajay Kumar Der Chemica Sinica, 2014, 5(1):39-46

N-OCH; NO
(0] [Cs] OCH;  [Cq]
O-methylquinone oxime p-nitrosoanisole
[SCHEME-2]
CONCLUSION

The kinetic-spectrophotimeric investigations of 'Miatalyzed periodate oxidation of N, N-dimethylamglishowed
the evidence of intermediate complex formatiorhis teaction. The salt effect was positive and pririnear type
which indicated that the rate determining step @y reaction between ion and dipole. Free rad@zvengers
test suggests the absence of free radical in tietiom mixture. The reaction of DMA with periodate showed a
stoichiometry of 1:2.
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