
TABLE 1 - SOLUBILITYDATA OF COBALTOUSOXIDE

Molarity of 5+log 5 Original
solution of COO pH value

M
1·25 xl0-3 2·0969 6·9
3·5 x 10-' 1·5441 7·5
4'5 x 10-5 0·6532 8·6
1·5 xl0-5 0·1761 9·12
1·2 x 10-5 0·0792 10·02
1-1 x 10-5 0·0414 10·4
5·0 x 10-6 -0·3010 10·8
7·0 xl0-6 -0·1549 11·0
5·2 x 10-5 0·7160 12·12
1·33 xl0-' 1-1239 12·6

Original
pOH

(3,2)
(3'0)
(1,88)
(1·4)

hydroxide occurs at pH 10·1. Below this point
the oxide dissociates mainly as a base. From the
solubility data of coba ltous oxide in solutions of
different [H+] below the isoelectric point, one can
obtain information as to the most probable mode
of ior ization of the hydroxide in solution. The
completion of reaction between the base of a divalent
metal and an acid implies that the [metal ion] in
solution will be proportional to [H+J2. Generally,
the solubility 'will be proportior.al to [H"]", where
n is the number of OH- ions provided by the
prevailing base.

Above the isoelectric point, CoO is expected to
dissociate as an acid and its solubility will be
proportional to [OH-]n' where n' is the number of
H+ ions furnished by the prevailing acid. The
values of nand n' can be evaluated as follows:

Let us consider Eqs. (2) and (3)
5 = K[H+]n ".(2)
5' = K'[OH-]n' .,,(3)
where 5 and 5' ere the solubility in g IT.oIESof the
oxide per litre of solution and K and K' are
constants. Taking the logarithm of both sides of
each equation we get Eqs. (4) and (5)
-log 5 = -log K+n pH (4)
and -logS' = -log K'+n'pOH (5)
This implies linear relations between -log 5 and
PH, or -log 5' and pOH with slope equal to n
and n' respectively. It is observed that the plot
of -log 5 versus pH for pH values 6·9, 7·5, 8·6
and 9·12 is linea r with a slope = 0·94 which is
very near to unity, indicating that cobaltous oxide
ionizes in accordance with Eq. (6)
Co(OHh ~ CoOH++OH- ... (6)
The plot of -log 5 versus pOH for pOH values
1'4, 1·88, 3·0 and 3·2 is also linear with a slope
= 0·88 which is again very near to ur ity indicating
tha t on the alkaline side of the isoelectric point,
cobaltous oxide dissociates 2S a weak monobasic acid
according to Eq. (7)
CO(OH)2 ~ CoO OH-+H+ ... (7)

References
1. LEVENE, P. A. & SIMRNS, H. S., J. Biochem., 55 (1923),

801.
2. KOSSEL, Ann. Phys., 45 (1916), 903.
3. BORN, M. & BOLLNOW, O. F., Handbucb d. physik.,

Vol. 24, 448.
4. LAVE, Z. Anorg. Chem. 165 (1927), 325.

NOTES

5. ARCHIBALD, E. H., The preparation of pUl'e inr: ;clIlic
compounds, (1932), 347.

6. RICHARDS& BAXTERS,Proc. Am. Acad., 33 (1897), 115.
7. RICHARDS& BAXTERS,Proc. Am. Acad., 35 (1899), 61.
8. TREADWELL,F. P. & HALL, \~T. T., Analytical chemistry,

Vol. II (1921), 197.
9. VOGEL,A. 1., Quantitative inorganic analysis, (1923), 613.

10. FLASCHKA, H., M'ikrochemie Ver Mikrochim. Acta, 39,
(1952), 38; cited in Am. chem, Absts., 46 (1952). 4953.

11. The Staff of the Research of Hopkin & 'Williams Ltd,
Organic reagents for metals for certain acid radicles
(London), 1946, 11O.

12. CLAASSEN,A. & \VESTERVELD, W., Reel. Trav. chim.,
67 (1948), 720; Chern. Absts, 43 (1949), 7370.

13. MALYUGA, D. P., Zh. Analyt. f{him., 2 (1947). 323;
Chem. Absts, 43 (1949). 7370.

14. PALITZSCH,cited in Britton hydrogen ions (1942), 309.
15. KOLTHOFF,I. M., cited in Britton hydrogen ions (1942),

311.
16. International critical tables, Vol. VI, 152.
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Structural characteristics of a new type of perovskites
with the general formula Lio'5Lno'5Ti03 where Ln = a
rare earth cation or Y>, are reported. All the com-
pounds except the La compound have the orthorhombic
distorted perovskite structure.

PEROVSKITE like compounds of the type AB03
can be obtained with A and B ions having ionic

radii within fairly wide limits-. The same structure
type can be found in solid solutions of the type A
(BiBj)03 (ref. 2), (AiAj)B03 (ref. 3), and even in
the quaternary system (AiAj) (BiBj)03 (ref. 4).
In most of these systems the ions A and the Bare
divalent and tetravalent respectively. We have
earlier reported" on the formation of Lio'5Lao'5Ti03
and its solid solution with BaTi03. The present
note deals with the structural studies of similar
systems obtained by replacing La with other
lanthanide ions and Y3+.

The pure phases were prepared by the high
temperature solid state reaction of the constituents
(Ln203 were better than 99% pure, BAJRC products
while Li2C03 and Ti02 were both AR grade samples)
at 1100-1300°. The time of reaction was between
10 and 12 hr, and intermittent Xvray patterns of
the reaction products showed that only monophasic
systems were present. The X-ray diffraction patterns
of the products were taken on a Philips PW 1010
diffractometer using Mo/Cu Ka radiation filtered
suitably. The d values were calculated accurately
to ± 0·2% and the patterns indexed since the same
were isomorphous with known structures. The
densities were determined pyknometrically using
CCI4/wa ter. These suggested a value of Z = 1 for

*This communication forms a part of the Ph.D. thesis
of P. V. Patil submitted to the Nagpur University.
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Compound

TABL~ 1 - UNIT CELL PARAMETERS OF THE (Lio·,LnO·,}TiOJ COMPOUNDS

R.\ (. ) a b c II bl",
(effective) (A')

(A)

0·840 5·44 5'57 7·75 235·1 1·02
0820 5·39 5·59 7·71 232·3 1·03
0·810 5·34 5·61 7·67 230·2 1·05
0·795 5·30 5'59 7·62 226'9 1·05
0·765 5·25 5'58 7·5+ 218·3 HI

Lio's:1do', TiO,
Lio -5Sm05 TiO,
Lio'5GdO'5 TiO,
LiD' Dy osTiO,
Lias YO'5 TiO,

the La compound and 4 for the rest. The unit cell
parameters for the different compounds are shown
in Table 1. It can be seen that all the compounds
exhibit an orthorhombic distortion of the AB03
cubic perovskite structure, in contrast to the cubic
structure reported for the La compounds. It is
also seen that the orthorhombic distortion in terms
of b]a goes on decreasing with increasing Ln 3+ size.
The effective ionic radii of the A site ions decrease
with the decreasing Ln 3+ ionic size (ionic size of Li"
ion is constant). Increase in b]« with decreasing
effective ionic radii of the A-site ions is contradictory
to normal behaviour. However, as expected, Table 1
shows that the cell volume decreases with decrease
of the effective radius of the ion at A site.
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Phosphorescence and total emission spectra of isom-
eric trifluoromethylbenzonitriles have been recorded at
liquid nitrogen temperature (77°K). A complete vibra-
tional analysis of the bands observed is given and as-
signments are discussed. Relative quantum yields of
fluorescence and phosphorescence are discussed. Life-
times of phosphorescence emission are estimated from
the decay curves.

pHOSPHORESCENCE ernission-'? of benzene has
been studied by numerous researchers. It

shows well-resolved' vibronic structure and is a
classical example of both a spin and symmetry for-
bidden transition.

From the vibrational analysis of emission
spectrum, it has been concluded that in benzene
the basic structure of both fluorescence and phospho-
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rescence involves one quantum of a non-totally
symmetric e2g motion (606 crrr-, mode 6 for fluores-
cence an~ 1595 crrr '. mode 8 for phosphorescence)
oyer ~vhlch quanta of a totally symmetric a g
vibration (the 990 crrr ', mode 1) are superposed.
However, the phosphorescence shows more extensive
fine structure than fluorescence.

In this paper total emission spectra and phospho-
rescence of isomeric trifluoromethylbenzonitriles (0,
m and P) have been recorded at liquid nitrogen
temperature and a corrrolete analvsis of the bands
observed and other assignments are given. Relative
quantum yields of fluorescence and phosphorescence
are also given. Phosphorescence spectra of ben-
zonitrile and its derivatives were studied by Takei
and Kanda", Faure? and LeBel and Laposal".

Solu~ions of appropriate concentrations were pre-
pared III ethanol and taken in a quartz cylindrical
tube of about 3 mm diameter. The sample tube
was connected to a vaccum system through a
stopcock. It was immersed in liquid nitrogen
and evacuated. The sample tube was warmed to
room temperature in vacuum after closing the stop-
cock. This process was continued for thorough
degassing until a clear glass with no apparent
~racks was obtained. The sample tube was mounted
In a quartz dewar containing liquid nitrogen and
the dewar was placed between the choppers of a
phosphoroscope. Light from a 200 watt xenon
arc coming through the sample was focussed on
the slit of the medium quartz Hilger spectrograph.
Phosphorescence spectra were photographed after
choosing the proper chopper speed. The exposure
times were of the order of 1 to 3 hr. Iron and copper
arcs were used for standard wavelenaths. Band

. . b
positions were calculated using comparator and
microphotometer traces. Microphotometer traces
were obtained for the comparison of relative band
intensities.

Total emission spectra were recorded on Arninco-
Bowman spectrophotofluorometer with the same
arrangement without the phosphoroscope. X-V
recorder was used to record the photomultiplier
output against wavelengths.

For obtaining phosphorescence life-times, the
Arninco-Bowrnan spectrophotofluororneter was used
with phosphoroscope and X- Y recorder, together
wit? an arrangement for cutting off the exciting
radiation,

Phosphorescence" - Phosphorescence spectra of
isomeric trifluoromethylbenzonitriles are in the same

* All band positions, separations and vibration frequencies
are in crn".




