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KINETICS OF OXIDATION 
ACRYLIC AMIDE WITH CERIUM (IV) PERCHLORATE

The aaparoaatrlc method without the applied external po! ini­
tial was used for the measurements of the reaction rate n* car tv« 
perchlorate connected with the acrylic amide oxidation process» 
with cerium (IV) In the presence of the perchlorate acid. The In­
fluence of temperature of the reaction rate was alao investigated.

The oxidation of asrylic acid by means of the cerium ion& 1« 
not described in literature.

However, the results are known for the study concerning the 
oxidation of amides by means of other oxidants neglecting more de- 
tailsd dsscriptlons of the reaction mechenlsmss [1-3].

The cerium perchlorato aa an oxidant with vary high notent« 
reacts completely with the acrylic amide for concentration» of 
10"2 M in l M HC104 during 1.5 h.

In this paper we present the results of investigations con 
nected with the kinetics of the acrylic acid oxidation with cerlu« 
(IV) at the presence of the perchlorate acid. On the basis of the 
obtained results we can also determine the activation energy.

Experimental 

Measurement technique and reagant a

The kinetic measursments were made by means of the arapero- 
metric. The constant platlnium microelectrode was the indicator 
electrode* while ths calomel electrode serves as the reference one.
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The solution was Intensively nixed by aeane of tba Magnetic 
stirrer. The measurements were made in following order.

The indiraot sethod was applied to detaraina in tha aaaplaa 
taken from tha reacting mixture tha aaount of ceriua that haa not 
bean acted upon. To do thia aodiua oxalate solution was used. 
The equivalent point waa determined by tha aaparoaatrlo aathods 
[4-6]. The measurements wera taken in teaperaturee 60, 70 and 
80°C U  0.2°C).

The reacting mixture waa theraoetated by tha thermoatat UTM. 
The eolution of cariua perchlorate with 0.1 H cona.entration in 
parchlorate acid was prepared according the procedure proposed 
by S m i t h  and G e t z  [7]. The concentration of ceriua 
perchlorate was determined by titration with 0.1 N eolution of 
sodium oxalate using the above mentioned omperometric method. For 
invest19ations the perchlorate acid (p.p.a.) produced by "Ana- 
lar* was used.

The solutions of the acrylic amide were prepared from weighed 
portions of this compound (p.p.a.) produced by "BOH Chemicals 
Ltd. Poole“. To prepare all solutions the twice - deetlllated 
water was used.

Result3 and concluaions

1. The determination of etolchlometry of the acrylic amide 
oxidation reaction by means of the cerium perchlorate. In this 
case the producte of acrylic amide oxidation are ac followet for­
mic acid, carbon dioxide and ammonia.

T a b l e  1
Determination of etoiohiometric ratio

No
t°c]

Times
[hours]

Amide

[aole/dm^J

Ca (C104)4

B . 102

[mole/dm^]

Molar
ratio
5 : ä

Means
results
5 t a*

1 2 3 4 5 6 7
1 60 1.5 0.50 3.99 7.98
2 60 2.0 0.50 3.95 7.90 7.96
3 60 2.5 0.50 4.00 8.00
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Tablet 1 (cont.)
1 2 3 4 5 6 7

4 60 1.5 . 1.00 7.98 7.98
S 60 2.0 1.00 8.05 8.05 7.99
6 60 2.5 1.00 7.95 7.95
7 70 1.0 0.50 3.98 7.96
8 70 1.5 0.50 4.03 8.06 8.04
9 70 2.0 0.50 4.05 8.10
10 70 1.0 1.00 7.90 7.90
11 70 1.5 1.00 8.05 8.05 8.02
12 70 2.0 1.00 8.10 8.10
13 80 1.0 0.50 4.03 8.06
14 80 1.5 0.50 4.08 8.16 8.09
15 80 2.0 0.50 4.02 8.04
16 80 1.0 1.00 8.20 . 8.20
17 80 1.5 1.00 8.15 8.15 8.17
18 60 2.0 1.00 8.15 8.15

The results of meaaurementa presented in Tab. 1 show that 
tha reaction of the acrylic enide oxidation with the cerium per­
chlorate is accompanied by the 8-electronlc transition* On this 
basis the following equation for this reaction can be propoeed

CHg ■ CH-CO-NH, ♦ 8Ce*4 + SHgO--*8Ce3+ + 2HC00H ♦ 7H* + COj, + NH*

2. Kinetics for the acrylic amide oxidation with the ceriua 
perchlorate.

In order to investigate the kinetics of the process mentioned 
above the method of analysis waa applied which la baaed on the 
auccesive of the oxidation reaction by aeana of the fast reduc« 
tion of cerium by sodlua oxalate exceaa introduced in the known 
aaount.

The rest of the sodium oxalate waa determined by titration 
with tha cerium perchlorate. To determine the reaction order in 
relation to the acrylic amide a series of kinetic measurementa 
waa made. Table 2 contains the reaults of these measurementa made 
for various values of the amid concentration, at tha excess of 
the carlum perchlorate.



T a b l e  2

Determination ccmsumpted of cerium (IV) from the time 
of the start of the reaction*

(at the constant concantration of Ce(Cl04)4 )

No

1
2
3
4
5

mole
da'

. 10'

6.25
6.25
6.25
6.25
6.25

Timas
(mln )

2
4
6

8
10

. 10

mole
dm3
4

1.25
2.19
3.13
3.91
4.53

No

11
12
13
14
15

mole
da

. 10*

8.75
8.75
8.75
8.75
8.75

Time»
(min)

2
4
6

8

1C

mole
da

10*

1.10

2.19
3.28
4.06
4.69

6

7
8 
9

10

7.50
7.50
7.50
7.50
7.50

2
4
6
8

10

1.25
2.19
3.28
4.06
4.69

16
17
18
19
20

10.00

10.00

10.00

10.00

10.00

2
4
6

«
10

1.25
2.19
3.28
4.06
4.85

cCe* 4 * 4 *55 10“2 mole/da3. - 3.45 aols/da3, T • 333 K.
a « concentration consuaptsd of aalde.

4 - concentration of Cs(C104 )4 .

C? - starting . concentration of aalde.

The obtained results show that ths reaction order for the 
acrylic aalds oxidation with the cerlua perchlorate with rsspsct 
to the aalds Is squsl to zsro.

To dstsraine ths rssctlon ordsr with rsspsct to ths csrlua 
(IV) psrchlorats the Investigations using consldsrabls high sx- 
cess of the scryllc aalds wsrs aads. Ths rssults of asssureasnts 
for various concentrations of ths csrlua psrchlorats ars given in 
Tab. 3 and the corresponding graphs of ths dspsndence b ■ f(t) 
are shown In Fig. 2.
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Pig. 1. The dependence of the »Mount of tho reacted amid on the 
U m o  of the reaction duration for Ite various Initial concen­

tration»

®  initial concentration of aald - 10 • 10"4 «ole/da3 
A initial concentration of amid - a.75 • lo"4 «ole/dm3 
M Initial concentration of aald - 7.50 • 10"4 mole/da3
O  Initial concentration of aald - 6.25 • 10~4 wole/dm3

T a b l e  3

Determination conauapted of cerlua (IV) fro« the time 
of the atari of the reaction»

(at the variable concentration of Ce(C104 )4 )

No c© r»oju/ Tiaee
(»in)

K «ole NO c° M i l
°* r a i

Tines
(in in)

K mole
°* l d.j 
. 10J •

. dm3. 
103 .

d«3
LO3

1 2 3 4 5 6 7 8

I 4.55 2 3 »40 11 8.00 2 5.10
2 4.55 3 3 .95 12 8.00 3 6.00
3 4.55 4 4 .20 13 8.00 4 5.86
4 4.55 - - 14 8.00 5 7. AO

5 4.55 m - 15 8.00 6 7.65
6 6.80 2 4 .60 16 9.10 2 3.02



Tabla 3 (cont.)
---1
1 2 3 4 5 • 6 7 8

7 6.80 3 s.e^ i7 9.10 3 6.20
6 6.80 4 6.02 18 9.10 4 7.08
9 6.80 5 6.35 19 9.10 5 7.70
10 6.80 6 6.60 20 9.10 6 8.35

6 - aaan quantity conauaptad of Ca(Cl04 >4 . 
Cj. - starting concentration of CeCClO^)^.
C® « 6.25 • 10"2aole/d«3 .
Cn* • 3.45 aole/4aS. T - 333 K.

[mln]
Fig. 2* Tha curvaa of tho dacraaalng of tha concentration of tha 
ceriua perchlorate if tha axceae of tho aaid aa wall aa of thaparohlorata acid ware flxad
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The curve» Illustrating of ciacreasimj the cerium (IV) per* 
chlorate concentration of the excess of the amid aa well as of 
the parchlorata acid are fixed,

Coaparing the values of ,the half-time® for the reaction ob­
tained by graph (Fig. 2) and celculated directly fro.” the equa- 2
tion t^ ,  ■ jr- we obtain the accuracy that is aatisfactory. The 
values Kg are not constants and they vary from K£ ■ 6.88 to 

K£ - 3.76 ain.
The above facta allow us to state, that the reaction order 

varies within the region 0.2-0.6.
This suggests that tha reaction ia probably proceed« accor­

ding to two different mechanisms.
3. Influence of temperature on tha rata of the acrylic aald 

oxidation with the cerium perchlorate
In order to determine the influence of temperature on the 

reaction rate a aeries of exper ments was made, in vshich the emld 
ond the cerium perchlorate were used in their stoichiometric 
amounts. The results are given in Fig. 3.

Fig. 3. The function lg k ■ f (y)

The activation energy was found to be equal to 76.7 kO/mole.
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KINETYKA UTLENIANIA AMIDU KWASU AKRYLOWEGO 
NADCHLORANEM CEROWYM (IV)

Zbadano atachismatrię i .szybkoóć reakcji utleniania aaidu 
kwa*u akrylowego nadchloranea cerowy* w środowisku kwasu nsdchlo* 
rowego.

a pracy wykazano, źe r*«d reskcji względea aaidu kwasu akry- 
’owego jeet -ó»«y zeru, nstoaiast rz|?d względea nadchloranu cero­
wego nie jest stsły (O,2-0.6). co wskazuje na przebieg reakcji 
według dwóch różnych «¿»chsnizaów.

Ns podstawie danych aksperyaantelnyoh obliczono energi* akty­
wacji, która w przedziale toapsratur 323-353 K wynosi 18.3 
kcsl/aol. ZaproponoKano równi et prostf aetod? analityczny pozwa­
laj qc$ oznaczyć ilościowo said kw®au akrylowego*
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C t e ja h Ek o 3 0 boxh ,  ’íaKOMMaaííaH H m aqaK, CraHHC-tas KoMncapcxH
/

KHHETKKA OKHOIEHHrt A W ÍM  AKPiLIOBOH KHOIOTH IIEPXHOPATOM UBPHfl(IV)

HccJienoBasa cTexwoMetpaH h cKopoc?i> nponecea oKHc.teuuH aMKąa 
aKpi5xoBoa KHcaoThi nepxJiopaioK nepuk (IV) b pacTBopax HC10,,« Onpe- 
texem ochobhuc napaweTpu khhst ¿í k h . Hopa^on aponeaoa no aMfoe pa tu1 h 
Hy*», a no nepxaopaTe napwr nonocruamiuft: ero no-;tta3«paCT apoTetci- 
HKe nponeooa no abjtm pa3J!K<wuu MexamninaM. Ha 0a3e oííhtííhx natun« 
»«MHC/tena sHepra« atcTMiauKH, koto pa« p KHTepsajie 323- '553 K paBH . 
iö, 3 KK.ur/uoji.

UpenoraBJieK t o s s  npoctoít awâ i H T n v e c K i i f l  «ero* R o j u m e c r n e u u o r o  
o n p e x e ^ e H H H  a u n ç a  a t c p t u i o B o H  k k o j i o t m .


