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The electron donor properties 01 ProOI activated at 300. 500 and 800e are reported from the stud­

ies on adsorption of electron acceptors of various electron affinity (7. 7, 8, 8­

tetracvanoquinocirnethane. 2, 3. 5, 6-tetrachloro-l. 4-benzoquJn one. p-dlnitrobenzene. and

m-dinitrobenzene) in three solvents (acetonitrile, 1,4-dioxan and ethyl acetate). The extent of electron

transfer during adsorption is understood from magnetic measurements and ESR spectral data. The cor­

responding data on mixed oxides of Pr and Al are reported for various compositions, The acid / base

properties of these oxides are determined using a set of Hammett indicators,

1. Introduction

Rare earth oxides have been used as promoter
and supporter in catalytic reactions [1,2] and the
catalytic properties of rare earth oxides have been
correlated with their basicities [3.4]. But relatively
few details have been reported about the surface
electron properties of rare earth oxides and nature
of their interactions with adsorbed molecules. In
our earlier papers we have reported the electron
donor properties of Y203 ,Nd20 3 and their mix­
tures with alumina [5-7]. The surface properties of
oxides are influenced by the method of preparation.
In this paper we report the electron donicity of
ProOI] prepared by different routes and its mix­
tures with alurnina as a function of basicity of me­
dium.

2. Experimental

Pr 6011 was prepared by hydroxide method
from sulphate / nitrate obtained from Indian Rare
Earths Ltd. Udyogamandal [5]. Mixed oxides of Pr
and Al were prepared by cohydrolysis from their
nitrate and sulphate solutions [8,9]. 5, 10. 15, 20
and 60 wt-% of Pr6011 in alumina were prepared.
The following electron acceptors (EA) were used 7,
7, 8, 8-tetracyanoquinodimethane (TCNQ) (2,84).
2, 3, 5, 6-tetrachloro-l, 4-benzoquinone
(chloranil) (2.40), p- dinitrobenzene (PO NB) (1.77)
and m-dinitrobenzene (MONB) (1.26) (the elec­
tron affinity values in eV are given in brackets).

+ To whom correspondence should be addressed

Purification of EA and solvents for adsorption and
the methods of adsorption have been described
elsewhere [7]. The Hammett indicators used were as
follows: methyl red (4.8), dimethyl yellow (3.3),
crystal violet (0,8), neutral red (6.8), bromothymol
blue (7,2), thymol blue (2.6) and 4-nitroaniline
(18.4) (the pk, values are given in brackets). In
each experiment 0.1 wt-% of the indicator in
benzene was used,

The reflectance spectra of dried samples were
recorded on a Hitachi 200-20 UV-Visible
Spectrophotometer with a 200-0531 reflectance at­
tachment.

The ESR spectra were measured at room tem­
perature using Varian E-112 X / Q band ESR
spectrophotometer. Radical concentrations were
calculated by comparison of area obtained by
double integration of first derivative curve for the
sample and standard solutions of 1, 1­
diphenyl-2-picryl-hydrazyl in benzene.

The amount of EA adsorbed was determined
from the difference in concentration of EA before
and after adsorption. Infrared spectra of oxides
were taken on a Perkin Elmer PE-983 infrared
spectrophotometer.

Surface area of oxides were determined by
BET method using Carlo Erba Strumentazione
Sorptomatic series 1800. The values in mg" for
Pr60 " activated at 300, 500 and 800t were 8.6.
11.4 and 9.2 respectively. Mixed oxides were acti­
vated at 500t and their surface areas were deter­
mined. For mixed oxides prepared from sulphates
the values were 134.6. 141.55, 136.81 and 132,5 for
5, 10, 15 and 20 wt-% of ProOl l . For oxides pre­
pared from nitrates the values were 168.2, 171.5.
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Table I Limiting amounts of electron acceptors adsorbed

Electron Activation Limiting amount
Solvent

temperature, C adsorbed, 10-5 11101 . III ~acceptor

chloranil acetoni tri le 300 2.22

TCNQ 300 6.44

chloranil dioxan 300 2.00

TCNQ 300 4.65

chloranil ethylacetate 300 2.18

TCNQ " 300 4.96

ch!oranil acetonitrile 500 3.39

TCNQ 11 500 7.44

chloranil dioxan 500 2.71

TCNQ 11 500 5.2!

chloranil ethylacetate 500 2.98

TCNQ 500 5.71

chloranil acetonitrile SOD 4.54

TCNQ " 800 9.96

chloranil dioxan 800 3.81

TCNQ " 800 7.71

chloranil ethylacetate 800 4.01

TCNQ 800 8.48

Fig.1 Radical concentration of TCNQ adsorbed on

Pr60 l 1 at 500(~

were adsorbed on the surfaces of these oxides, sur­
faces developed remarkable coloration like bluish
green for TCNQ and pink for chloranil. In the case
of pure Pr60 l 1 the coloration could not be distin­
guished from black colour of oxide.

The radical concentrations of EA adsorbed on
the oxides were determined from ESR spectra. The

174.8 and 178.22 for 5, 10, 20 and 60 wt--:-%
respecti vely.

Tanabe's method was used for measurement of
acid / base strength of oxides [10). In the case of
dark coloured samples, 0.1 g of oxide mixed with
0.15 g basic Al203 was used [I 1]. Magnetic suscep­
tibility measurements were done at room tempera­
ture on a simple Guoy type balance.

3. Results and Discussion

The adsorption of p-dinitrobenzene (PDNB)
and m-dinitrobenzene (MDNB) were negligible on
all the systems studied. The adsorption isotherms
obtained are of Langmuir type and from these
isotherms the limiting amount of electron acceptor
adsorbed was determined. The data are given in
Table 1. The formation of anion radicals on the ox­
ide surface as a result of electron transfer from ox­
ide surface to adsorbed electron acceptor was con­
firmed by electronic and ESR spectroscopy. The
reflectance spectra of adsorbed sample show bands
near 400, 600 and 700 nm corresponding to physi­
cally adsorbed state of neutral TCNQ [12], dimeric
TCNQ radical [13] and chloranil anion radical [14].
In the case of the oxides studied these assignments
do not hold completely since these oxides have
characteristic bands in the same region. When EA

N,
E
c
ii 4·lJl...
0
~

c 3
0
~

0.... 2C
QI
u
C
0
u

0
"0
~
"0 00
0: 0

Equilibrium

2 3 4 5 S

concentration, 10-6 moL· (m-
3



Solvent

acetonitrile

ethyl acetate

dioxan

J.Mater.Sci.Technol.. Vol.IO, 1994

Table 2 Acid-base parameters

(a) TCNQ; CA, = 1.51. E.\ = 1.6R

CH EH C.,

1.34 0.R8

1.74 0.97

2.38 1.09

(b) Chloranil, C\ = 2.:19. E., = 2.56

-I1H"" with

TCNQ, kJ . mol"

14.74

17.90

21.90
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Solvent

acetonitrile

ethyl acetate

dioxan

-sir» with
Cll EJi CA £

chloranil, kJ . mol-I..\

2.74 1.81 11.19

3.56 2.33 13.61

4.87 2.23 17.35

samples coloured by TCNQ adsorption gave an
unresolved ESR spectra with a g value of 2.003 and
those by chloranil gave an unresolved spectra with
a g value of 2.001. These values are in agreement
with those reported earlier [15,16]. Figure 1 shows
radical concentration of TCNQ adsorbed against
equilibrium concentration of TCNQ in solution for
PrOal) activated at soot. Two possible electron
sources exist on oxide surface responsible for elec­
tron transfer [17]. At lower activation temperatures,
surface sites are associated with the presence of
unsolvated hydroxyl ions and at higher tempera­
tures electron defect site is responsible for electron
transfer. The presence of hydroxyl group on
Pro0l! activated at 300 and 500°C was confirmed
from lR spectral data (peak near 3400 cm-}). Since
concentration of surface hydroxyl ions decreases
with increase in activation jemperature and concen­
tration of trapped ions increases with increase in
temperature. it might be expected that trapped elec­
trons are solely responsible for adsorption of elec­
tron acceptors on Pr60l! activated at higher tem­
peratures. Since the concentration of trapped ions
increases with increase in activation temperature.
the adsorption of electron acceptor in the three sol­
vents increases with increase in activation tempera­
ture.

The amount of EA adsorbed is found to de­
crease with increase in basicity of solvent. The mix­
ing heats of substances with acid-base interaction
are expressed by Drago equation

where E and Care Drago constants for acidic
compound (A) and basic compound (B) [18]. When
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Fig.2 Limiting amount of EA adsorbed as a function of

acid-base interaction enrhalpy

TCNQ <It 300e, TCNQ at soot

TCNQ at ~\Oo-C , • ehloranil at 300(:

iIIII!I chloranil at 500C .:"~. chloranil at ~100C:

Drago equation is applied to present systems, basic
compound corresponds to solven ts (acetonitrile,
ethyl acetate and dioxan) and acidic compound to
EA. The basicity of solvent was estimated by the
heat of interaction with EA and the values are list­
ed in Table 2.

The saturated amounts of EA adsorbed on to
Pr60 j 1 activated at 300, 500 and 800't are plotted
as a function of basicity of solvents in Fig.2. The
limiting amount decreases with an increase in
acid-base interactions between basic solvents and
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Table 3 Basicity and H
\}\ll0'

Oxide
Method of Activation

preparation temperature, C

Pr6°1! sulphate 300

Pro011 sulphate 500

PrOOl 1 sulphate 800

r-,o., nitrate 500

AI2O, sulphate 500

Alp) nitrate 500

5%Pr6011 sulphate 500

1O%Pr6O,J sulphate 500

15%Pr6O l l sulphate 500

20(~OPr6011 sulphate 500

5'YoPr6Ol l nitrate 500

IO%ProO II nitrate 500

20%Pr"OII nitrate 500

60%Pr60 11 nitrate 500
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Fig.3 Magnetic moment of Pr(,OII as a function of equi­

librium concentration of EA

~ chloranil in acetonitrile at 300e

C) TCNQ in acetonitrile at 300e

(.~ chloranil in acetonitrile at 500'e

CD TCNQ in acetonitrile at 500e

• chloraniI in acetonitrile at 800t

8 TCNQ in acetonitrile at 800t:

EA. The decrease is in order of acetonitrile > ethyl
acetate> dioxan, the order of decreasing basicity
of solvents. This shows the competition between
basic solvents and basic sites of oxide for EA.

When surface acidity / basicity were deter­
mined, visible colour change was obtained for the
following indicators: p-dimethyl aminoazo-

of Pro0 11 and mixed oxides

Basicity. 10-) meq . m2

H"

>3.3 >4.8 :>6.8 >7.2 II
It,"",

3.68 2.41 1.14 0.65 7.5

4.2\ 2.R8 1.42 0.l\2 7.6

5.12 H4 un 1.21 7.8

3.92 2.69 I.21 0.72 7.3

0.58 0.82 0.17 7.4

0.97 0.62 0.48 0.31 7.6

1.48 0.72 0.21 0.1 I 7.2

1.72 0.90 0.38 0.18 7.4

1.91 I.I7 0.53 0.21 7.5

2.18 1.38 0.71 0.35 7.5

2.14 1.32 0.97 0.64 8.0

2.31 1.51 0.98 0.66 8.1

2.48 1.62 1.02 0.68 8.2

2.28 1.48 0.97 0.65 8.1

benzene, methyl red, neutral red and bromothymol
blue. Data are given in Table 3. From the plots of
acidity / basicity I'S Ho of indicator the parameter
Ho rnax was determined from the point of intersec­
tion of acid / base distribution curves with abscissa.
As the activation temperature increases, Ho rnax

value also increases. This shows the increase in
basicity of oxide. which in turn accounts for the in­
crease in limiting amount of EA adsorbed with the
increase in temperature. The basic strength of a sur­
face is considered as ability of surface site pos­
sessing an electron lone pair to transfer it to an
acceptor molecule. Figure 3 shows the change in
magnetic moment of Pr6011 as a function of equi­
librium concentration of EA in solution. The mag­
netic moment of Pr60 l 1 decreases and reaches a
limiting value at the same concentration corre­
sponding to the limiting amount of EA adsorbed.
The decrease in magnetic moment on adsorption of
EA shows the extent of electron transfer from oxide
surface to electron acceptor.

The limiting amounts of EA adsorbed on
mixed oxides of various compositions determined
from the Langmuir plots are shown as a function of
composition of mixed oxide in Fig.4. The electron
donicity increases with increase in concentration of
Pr60lJ in mixed oxide and decrease with increase
in basicity of solvent. On the other hand. the mixed
oxide prepared from nitrate solution show greater
electron donicity than Pr60l 1 . For mixed oxides
the electron donor property increases with increase
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from the lower electron donicity of pure Pr6011

prepared by nitrate method.

in concentration of Pr6011 as a consequence of in­
crease in AI-O-Pr bonds without changing the lim­
it of electron transfer. But there is not much varia­
tion of Ho max with PrhOll content in the mixed
oxide. Strong electron acceptors like TCNQ are ca­
pable of forming anions even from weak donor
sites and the limiting radical concentration of a
strong acceptor is the sum of the contributions
from all weak and strong donor sites on the
surface. Very weak sites on the surface of oxide can
not be determined by titration using Hammett indi­
cators. The maximum in the plot for mixed oxides
prepared by nitrate method can he understood

FigA Limiting amount of EA adsorbed as a function of

composition of Pr6011-A1201

From nitrate solution

() chloranil in acetonitrile. eTCNQ in acetonitrile

CD chloranil in dioxan, t) TCNQ in dioxan

From sulphate solution

S chloranil in acetonitrile, e TCNQ in acetonitrile

~ chloranil in dioxan. (!: TCNQ in dioxan
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