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In this paper, the distribution of cerium (IV) species depending on the charges of nitric acid-
perchloric acid concentration at constant ionic strength (I=1.0) was investigated. Cerium (IV), being a
strong oxidant, was utilized for investigating the oxidation kinetics of some amino acids. Knowing the
distribution of cerium (IV) species is beneficial for better understanding this type of kinetics. Distribution
of cerium (IV) species in aqueous media was studied by measuring the total optical absorbance of cerium
(IV) species in different nitric acid-perchloric acid mixture solutions. The stability constants (K; and
K3) of the nitrato cerium complexes were determined spectrophotometrically from equilibrium data
and from kinetic data concerning the ceric oxidation of amino acids. The magnitudes of the constants

computed by these two separate methods were in accordance with each other.

Introduction

Cerium (IV) metal ion, being a strong oxidant, is widely used in the oxidation of organic substances, as
well as of several inorganic substances. The basic advantage over other oxidants is its reduction to a single
substance, cerium (III), without any intermediate reactions. The standard potential of the cerium (IV)-
cerium (IIT) couple changes depending on the complex formation properties of the ligand and it is useful to
know the distribution of cerium species in a given medium to explain more clearly the reaction mechanism
in kinetic investigations.

1—

The cerium (IV) species in perchloric acid medium !=* and sulfuric acid medium® have been es-

tablished and equilibrium constants calculated. Although research involving the nitrato-cerium complexes
started rather early, there is contradictory information about these complexes in the relevant literature 6712,

It was found with potentiometry® that in aqueous nitrate medium, for [NO3] < 3.2 mole/l, there is only one
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complex in the form of Ce(NO3)3". Two other methods, namely as spectrophotometer!! and extraction!?,
revealed that the ligand number of nitrato cerium complexes may vary from 1 to 6.

In this work, the distribution of Cerium species with respect to the changes of nitric acid-perchloric acid
concentrations was investigated, and the stability constants of the nitrato cerium complexes were calculated

both from equilibrium data and from the data of the oxidation kinetics of amino acids.

Experimental

Materials

L-aspartic acid (Fluka, puriss), L-serine (Merck p.a.), ammonium iron (IT) sulfate hexahydrate (Merck, p.a.),
70% perchloric acid (Merck, p.a.), 65% nitric acid (Merck, p.a.).

The stock solution is prepared by dissolving 0.1 M cerium (IV) ammonium nitrate (CAN) (Merck,
p-a.) in 1 M nitric acid. Cerium (IV) in nitric acid- perchloric acid solutions were prepared freshly by
dissolving ammonium cerium(IV) nitrate (Merck, p.a.) in acid solutions. Cerium solutions in nitric acid
were titrated with ammonium iron (II) sulfate in the presence of N-phenyl antranilic acid indicator for their

t13

cerium(IV) content ** and with standardized NaOH solution in the presence of methyl orange indicator for

their acid content.

Instruments and methods

Spectrophotometric measurements were made by the Shimadzu UV-160 A UV-Vis recording spectrophotome-
ter in quartz cells. To keep the temperature constant a Cps-240A thermoelectrically temperature-controlled
cell were used. Absorbancy measurements of cerium (IV) were performed at A=400 nm, t=25°C +0.1°C,
at constant ionic strength (I=1.0), for different concentrations of nitric acid-perchloric acid media.

Kinetic studies were made spectrophotometrically under conditions of excess of ligand. The time
versus absorbancy data were processed by a linear least squares program. Pseudo first order rate constants

were determined according to the following equation:

kL -t =1n(Ag — As) — In(A4; — As), (1)

where Ag, A, and A; refer to the absorbancy at the start of reaction, at infinity and at time t, respectively.

Rate constants were reproducible within + 1%.

Results and Discussion

When [H*] is kept constant between [Ce(IV)] = 1.1073 — 6.1073M, the very high correlation coefficient of
the relation between absorbancey and concentration proves that Lambert- Beer Law is valid, then there are
no hydrolysis and polymerization reactions.

On the other hand, at constant [H*] = 1.0 M, variable HNO3 — HCIO4 mixtures and constant
total [Ce(IV)] = 1.1073M, absorbancy increases with increasing [NO; | and the wavelength of maximum
absorbancy shifts to higher values (from 319 nm to 330 nm). This increase in the absorbancy may be

attributed to the formation of nitrato-cerium complexes.
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Spectrophotometric investigation of the Ce(IV) species distribution in HNO; —
HCIO, media

If only mono and dinitrato complexes are taken into account, one can write

Ce(d) + HNO; 2 Ce(NO3)* + H* 2)

Ce(NO3 Y+ + HNO; 2 Ce(NO3) + H*, 3)

where Ce(4) is the free Ce*™ cation and all hydrolytic species. If [Ce(IV)]r is the total concentration of
Ce(4) and all nitrato complexes, one can obtain

[Ce(4)] = [Ce]+[Ce(OH)™ ] +[Ce(OH)3"] (4)
[Ce(IV)]ly = [Ce(4)] +[Ce(NO3)* ']+ [Ce(NOs)5] (5)
= [Ce@){1+ K1 -n+K; K -n’

where n = [HNOs]/[H].
On the other hand,

AT = 50[06(4)] + 61[C€(N03)3+] + 82[06(N03)§+]
= [Ce(4){eo +e1K1n + €2 K1 Kon®} (6)
Ar = er[Ce(IV)]y. ()

Using the equations (5) and (6), the following equation for e7 can be obtained:

Er = AT/[Ce(IV)]T = (60 + 81K17’L + 52K1K2n2)/(1 + Kln + KlKgnz). (8)

In this equation, €g,e1,€2, K1 and K, are the parameters to be calculated.

In order to find ¢, the average molar absorptivity of Ce(4) species, the following equation should be
used:

! ! /
€0 = €0-ACed+ T €1.0ce(OH)3 + €7 Ace(0H)Z> 9)

where €, e} and ¢} are the molar absorptivity of Ce*",Ce(OH)*" and Ce(OH)2" species, respectively,

and can be calculated using the following equation given in *:

A[HT)? + A[HT]K3 + AK3 K, = €,[Ce(4)|[HT]? + €1 [Ce(4)][H Y| K3 + €5[Ce(4)) K3 K. (10)
In equation (9), a; refers to the activity for the i*" species and is given by

Ci
“= e ()

14

where C;, the distribution of Ce** and hydroxo species, are given * as,
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Ce*™ =0.1224 Ce(OH)*" =0.7836 Ce(OH)3™ = 0.0940.

For the determination of £f,¢] and &, absorbancy measurements were performed in perchloric acid-
sodium perchlorate medium for 7 = 1.0, A\ = 400 nm and [Ce(4)] = 1.1073M. The values of K3 and Ky,
the stability constants of the mono and dinitrato species, respectively, are taken from # for ¢ = 25°C and
I=1.0,as

The calculations gave the following results:

gp =66 &) =166 &) =25.

The correlation coefficient of the curve fitting programme used for this calculation is given as r? =
0.9996.

1

As the hydroxo cerium species distribution were given in '4, and as only free Ce?* cation and mono-

and dihydroxo complexes are taken into account, for [H*]=1.0 M, the average molar absorptivity value &g
is calculated as

g0 = 140.5 L.mol~L.em™1

For the determination of £; and K, absorbancies at 400 nm wavelength versus cerium (IV) concen-
tration were measured at constant [H*] = 1.0M and for [HNO3] = 1.1073M, /HCIO4] = 0.999M solution
medium. As the nitrate anion has no excess according to cerium cation, only Ce(4) and Ce(NO3)** species
were supposed to be present in this medium. Using ¢( already calculated, and by the help of an investigation

done in H,S0O4 medium?, the following equation is resolved by the help of adequate computer programming;:

Abs = £0.C1 + (1/2).(e1 — €0).{[CT + nr + ([HT]/K1)] - [(Cr + nr + ([HY]/K}))? — 4.Cr.np]Y2}. (12)

This calculation gives ¢; and K; as,

g, =8174 K; =0.52.

The correlation coefficient of this equation is 7% = 0.9992.

By using the measured absorbancy values for [HNO3] < 1.0M, the equation (8) gives the values of
g9 and Ky as

Eg = 247 KQ =0.65

with a correlation coefficient of 72 = 0.9997.

The cerium species distribution with respect to the change of HNO3s — HCIO, concentration at

constant ionic strength (I=1.0) is calculated and given in Figure 1.

The theoretical and experimental absorbancy data are compared for 400 nm wavelength and it is seen
that they are in accordance with each other.
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The stability constants computed from the oxidation of some amino acids with
Ce(IV)

The oxidation kinetics of some amino acids as, L- -aspartic acid and L-serine with Ce(IV) in different nitric
acid- perchlorlc acid media (I=1.0), at different substrate concentration [HL] are investigated and pseudo
first order rate constants k') are computed.

For constant [H"] and ionic strength, the plot of 1/k! versus 1 /[HL] gives straight lines with positive
intercept. This attitude shows the formation of an intermediate complex between the organic substance and
the reactive cerium(IV) species '°. The intermediate free radicals formation in the reaction mixture is
demonstrated by acrylamide polymerization and the probable reaction mechanism is given in Scheme-1

Ce(4) e
CeX*+ HX —— CeX,*)" 4+ H* (@)
] i
H,N-CH-COOH + H* H;N*-CH-COOH (b)
d
(HL) (HLH)
] |
H,N-CH-COOH +<—— H,;N*-CH-COO- ©
. Kai
CeX*™+HL  ——  C, (Complex) (d)
R
k. )
C; (Complex) —~. H2N-éH-coo'+ CeX, G-V H*
Slow ©
é ., fast )
H,N-CH-COO®* —— H,N*-C.-H+CO
2 i~ 2 2
. fast .
H-N- gm CeX, fast HN= E}1+CCX T HT ‘(:;
H N-C-Hy Cex @t 0 HN = H + CeX;®V+yH*

N Pheeiv! thst RCHO + NH, iif
N CHR + H,0 5L RGN &N L)
Scheme-l

In these equations. i = 0.1,2: [H X]=[HNO;s]; X = [NO;|: K, =equilibrium constant for complex

formarlonthese gquations céim=t Ol 2y Iﬂ?ﬁbi@ﬂﬂd&’&aix&tmw O3]; Ko, =equilibrium constant for complex
format%‘%ﬂe (aﬂﬁnkiﬂoﬁ%‘i SQHSF)%H%MFQ&P]I%@%?QBHW%IHep the rate expression can be written as:

Since equation (e) can be taken as a rate determining step, the rate expression can be written as:

||

— d[CeIV Yt = K [Ce(IV)]g = 25" 1, ()] = 2N KO X (13)
— d[Ce(IV)]r/dt = k! [Ce(IV)]r = 2 kﬂ[c 2ZkﬁKm[CeX(4 DHHL ] (13)

In this equation with the inclusion of

In this equation with the inclusion of
115
115



Distribution of Ce (IV) Species in HNOs — HCIO, Media..., S. BAYULKEN et. al.

)

B ' >ac O-‘[Ce(4)],mole fraction of:hyvdn‘)'xd speéieé o
3
1.0 \“\ ac,- [CeNO,)I +, mole fraction of mononitrate species
2
09 L \»‘\ a¢,- [CeNOy;),] +, mole fraction of dinitrate species
. . \\\'\\\ Sioes :
08 | ' T
0.7 e - b ac‘d
T
06 - R T
05 L ‘
04 i a’Cl
03 Pt et
— ac,
02 e L
0.1 b //-"/// »,____;./"”’f,-*/:/"‘”‘
l'/'/./ - e

0 01 02 03 04 05 06 07 08 09 1.0
o ‘ [HNO;), mol/L

Figure 1. Distribution of Cerium (IV) Species

[Ce(V)lr =3 [Cex* 1+ 3 ci] (14)

and arrangement of the expression in the form of 1/k’, the following equation can be obtained (in the

denominator, (k;j1 K, K1n) and (knga2K1K§n2) terms are neglected regarding the other terms):

1/k' = {(1 + Kin + K1 Kan?)/2k;0K a0 }.1/[HL] + {Kao + Ka1Kin + quKlenQ}/%joKa (15)

The plots of 1/ k! versus 1 /[HL)] give straight lines.- By theﬂhelpp of the slope and intercept values of
these lines and using a non linear regression analysis computer program, this equation is computed and the
constant for complex formation K,;, the rate constants for complex decomposition k;;, and the equilibrium
constants for the formation of nitrato cerium complexes K; and K, are obtained and given in Table 1.

As it is observed from this investigation, the K; and K, values

Table 1. K; and K values obtained from kinetic and spectrophotometric results

From Kinetic Study of From Kinetic Study of From Spectrophotometric

L-Aspartic Acid L-Serine Method
K, 0.59 0.56 0.52
K, 0.60 0.56 0.65
Corr. Coeff.(r?) 0.9992

In the relevant literature ¢, for I = 3.5 and t = 23°C, the value of K; has been given as K; = 2.09
(log K1 = 0.32) for cerium mononitrato complex. In our research, the experimental conditions were I = 1.0
and t = 25°C and this explains the difference between the two values. With the same exxperimental
conditions (I = 1.0 and ¢t = 25°C), stability constants for nickel, cobalt and manganese mononitrate
complexes were given 7 as K; = 0.60, K; =0.35 and K; = 0.37, respectively. '
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