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ABSTRACT

Equilibria between a metal phase (either cobalt or nickel), a gas phase of known
oxygen pressures, and pairs of solid-solution phases in the systems MnO-CoO-TiO,
and MnO-NiO-TiO, are used to calculate activity—-composition relations in the
solid-solution series Mn,Ti0,-Co,TiO,;. MnTiO;-CoTiO;, MnTi,0;-CoTi,0;,
Mn,TiO,;—Ni,TiO; and MnTiO;-NiTiO;, and free energies of formation of the
manganese titanates Mn,TiO;, MnTiO; and MnTi,05 and of nickel orthotitanate,
Ni, Ti0,.

The spinel solid solutions (Mn,TiO4—Co,TiO; and Mn,TiO;—Ni,TiOy) show
negative deviations from ideality, the pyrophanite solid solutions (MnTiO;—CoTiO;
and MnTiO;-NiTi0;) show small positive deviations from ideality, and the pseudo-
brookite solid solution MnTi,O;—CoTi,O4 probably displays a very small positive
deviation from ideality.

The following free energies of formation were determined for the various
manganese and nickel titanates from their oxide components at 1250°C:

2MnO + TiO, = Mn,TiO, A4G® = —7.6 +0.5 kcal

MnO +TiO, = MnTiO, AG°= —7.0 +0.8 kcal

MnO +2TiO, = MnTi,0; A4G® = —6.3 +0.8 kcal

2NiO+TiO, = Ni,TiO, AG®= —1.0 +1.0 keal
INTRODUCTION

The present investigation is part of a series of studies aimed at expanding our
knowledge of the energetics of compound formation and solid-solution behavior
of oxidic materials of common structure types. In the present paper, we extend
previous studies of silicate and titanate systems at elevated temperatures to the titan-
ates of manganese, for which no thermodynamic data have been available previously.

*Contribution No. 69-15 from College of Earth and Mineral Sciences, The Pennsylvania State
University; Atomic Energy Commission No. (NYQ-2781-45).
*#Present address: Research Laboratory, Armco Steel Corporation, Middletown, Ohio 45042, U.S_A.
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The 1250°C isothermal sections through the two systems MnO-CoO-TiO,
and MnO-NiO-TiO, are shown in Figs. 1 and 2, respectively. Manganese oxide and
titanium oxide form two compounds at elevated temperatures, riz. Mn,TiO, with
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Fig. 1. The 1250°C isothcermal section of the system MnO-CoO-TiQ,, showing the extent of the
various solid solutions, and conjugation lines between cocxisting solid-solution phases (light lines).
Sclid dots represent compositions of mixtures studied.

spinel structure and MnTiO; with geikielite structure. Each of these compounds
forms a complete solid-solution series with the analogous cobalt compounds for
which stability data are available from previous studies!. Similarly, MnTiO; forms
a complete solid-solution series with the analogous nickel compound, NiTiO;, for
which stability data are available from previous studies?, and Mn,TiOy is the starting
point for a soiid-solution series extending partway toward the hypothetical nickel
analogue, Ni,TiOy, which is not stable in its pure form and for which approximate
instability data have been derived in previous studies®. Finally, there is a partiai
solid solution from the stable cobalt compound CoTi,Os toward the unstable,
hypothetical manganese analogue, MnTi,O;. By studying the activity-composition
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relations of these solid solutions, and knowing the free energies of formation of one
of the end members of each solution, the free energy of formation of the other end
member, from its oxide components, may be calculated.

0,

20+ -80

30~ 270
',’. - )

RUTILE « PYROPHANITE {ss!}

7

a0 260
:'. '\
’ \
s . - '
M O-Ti02 & -
U s
’
PYROPHANITE (ss} » SPIMEL (ss)
604 7 V4
s 4 s
’; / rd
2MnQOT:0 / Z ’(
nG 2y 7 3 N
7 ~
e ] \ \ s
I ; .,
) / ‘l \. ~ g
/ .
8cs ] \ -
/
/ SPINEL (55} = OXIDE (ss}
S0 ;j \
; ; \
/ 1 ‘
L3
o ! 9 . 2
MO 10 20 ES <5 %0

MOL %

Fig. 2. The 1250°C isothermal section of the system MnO-NiO-TiO;, showing ihe exient of the
various solid solutions, and conjugation lines between coexisting solid-solution phases (light linesj.
Solid dots represent compositions of mixtures studied.

Activity-composition relations in the two systems MnO-CoO and MnO-NiO
have been determined previously. The system MnO-CoO at 1200°C was found to be
close to ideal, whereas the system MnO-NiO displays a considerable positive
deviation from ideality in the temperature range of 1100-1300°C. (Ref. 4).

The free energies of formation of the various cobalt titanates (Co,TiO,,
CoTiO; and CoTi,Os) at elevated temperatures have been determined by two groups
of investigators by different experimental techniques'-®, and with satisfactory
agreement among the results. The stability of NiTiO; has also been determined with
good accuracy?, whereas only approximate free energies of formation of the two
unstable, hypothetical nickel titanates, Ni,TiO, and NiTi,Os, have been calculated
from solid-solution equilibria in the system MgO-NiO-TiO, (Ref. 2).
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The approach in the present work will be to use equilibrium data from the
system MnO-CoO-TiO, in conjunction with the known stabilitics of the cobalt
titanates to calculate the stabilities of the manganese titanates. The latter will then
be used, in conjunction with equilibrium data for the system MnO-NiO-TiO,, to
calculate free energies of formation of the nickel titanates. The results for the latter
will be comparad with those previously obtained from equilibria in the system MgO—
NiO-TiO,.

The theoretical basis for evaluating activity-composition relations and stabilities
of end-member compounds from metal-oxide-gas equilibria have been described
elsewhere®-”. The formulas applicable to the various phase assemblages of the present
system can be derived by substituting the appropriate subscripts in the equations
presented in these previous publications. For the solid solutions of the present
svstems. the activity expressions will be

H - 172
AaycTig.30: — N McTio 50z £ McTig s0: — dseo dTiO; (1
AreTiOy — N McTiOs 7MeTiOs — @rc0 9Ti0; (2)
and
- nd
TrgeTi:05 = N McTi205 " TMcTi205s = 9Mco ™ 4Ti0; (3)

for the spinel, pyrophanite and pseudobrookite solid solutions, respectively. where
Me represents one of the elements Mn, Co. or Ni, and the a's, N's and 7's with
appropriate subscripts represeni activities, mol fractions and activity coefficients.
respectively.

EXPERIMENTAL METHODS

The experimenta! methods used were similar to those described previously?-®,
and only a brief account of the main procedure and of specific details applicable to
the present study will be given here.

Mixtures of desired compositions were made up from reagent-grade (" Baker
Analyzed™) oxides and pre-reacted in CO,-CO atmospheres at ~1250°C to yield
the coexisting pairs of oxide phases corresponding to the equilibrium relations in the
systems MnO-CoO-Ti0, and MnO-NiO-TiO, (see Figs. 1 and 2). In order to attain
homogeneity of each of the coexisting solid solutions, the prereaction was continued
for considerable periods of time (one to four days) with one or more intermediate
grindings.

The pre-reacted, densely sintered mixtures were broken into chunks suitable
for suspension with a ihin (0.004’’ diameter) platinum wire into a vertical tube quench
furnace for the final equilibration runs at 1250°C under carefully controlled oxygen
pressures of the atmcsphere. The latter was achieved by mixing CO, and CO in
desired proportions®. The oxygen pressure was decreased in small increments until
a point was reached where a trace of metal (either cobalt or nickel) was present in
contact with the oxide phases. The pattern of precipitation of the metal phase was
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used as a means of judging whether the phases of the pre-reacted sample had attained
satisfactory homogeneity: when the metal phase precipitated in the form of tiny
bright specks uniformly distributed over the whole section, the samples were consi-
dered homogeneous. If, on the other hand, larger metal particles were precipitated
locally, it was taken as a sign of heterogeneity in the pre-reacted mixtures, and such
mixtures were returned for further pre-reaction treatment. The reversibility of the
reaction between the oxide phases, the metal phase and the gas phase was checked by
approaching the equilibrium also in the opposite direction. This was done by increasing
in small increments the oxygen pressures of the gas phase in equilibrium with samples
from which a small amount of metal nad been precipitated. This caused the metal
phase to disappear at or only slightly above the oxygen pressure determined from
the metal precipitation runs.

The temperatures in the equilibration runs were measured with a Pt us.
90%Pt—10%Rh thermocouple calibrated against the melting points of gold (1063°C)
and synthetic diopside (1391.5°C). The overall accuracy of the temperature measure-
ment is estimated to be within +5°C.

RESULTS
The system MnO-CoO-TiO,
Phase assemblage oxide solid solution + spinel solid solution

Results of equilibration runs involving this phase assemblage are listed in
Table 1 and shown in the form of conjugation lines in Fig. 1. For the equilibrium

(MnO) + (CoTig s0,) =(Co0) + (MnTig sO,) (4)
the activity coefficients are calculated from the Eqns.®-7-9
NcoTlo.502
108 YsmaTio.s0: = — Ncotio.s0, 102 C + ‘. log C dNcorig 502 &)
Jo
and
NCoTlo_sO'_v
log :"CoTio_joz = (l - ‘\rCOTio_goz) log C + log C dNCOTio_jO; (6)
J1

where C is the quotient

C — Aco0” N MnTio 502 %)

Ayno” NcoTio.s0:

The activity—composition relations of the MnO-CoO solid solution [ac,o and
ay.o in Eqn. (7)] at 1250°C were determined by the same method as used for the
other solid-solution series of the present study. The results are listed in Table II and
shown graphically in Fig. 3. A moderate positive deviation is observed. This is a
refinement of the data of Aukrust and Muan3. Their data also suzgested a small
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TABLE 1

EXPERIMENTALLY DETERMINED CO;fCO RATIOS OF GAS PHASE IN EQUILIBRIUM WITH METALLIC COBALT
AND PAIRS OF OXIDIC PHASES IN THE SYSTEM MnO-CoO-TiO, AT 1250 C

Phase assemblazc Compasition of mixture r(=C0.::CQ)
(mol fraction)
AMnO CoO TiO-
Spinelfss) + oxidefss) 0.49 0.20 0.31 2.46
0.33 0.36 0.51 4.30
G.57 0.26 0.17 2.41
0.35 0.48 0.17 4.30
0.16 0.67 0.17 5.77
Rutile + pyrophanite(ss) 0.3% 0.69 0.52 0.48
.32 0.16 .52 0.82
0.25 0.23 0.52 1.18
0.18 0.30 0.52 1.41
Pyrophanite(ss) -+ spinci(ss) 0.47 0.05 0.48 1.1l
0.41 0.11 0.48 1.88
0.30 0.22 0.48 2.45
G.20 0.32 0.48 2.63%
0.10 0.42 0.48 2.88
0.53 0.12 0.35 1.03
0.40 0.25 0.35 1.86
0.27 0.38 0.35 2.43
0.15 0.50 0.33 276
Pscudobrookite(ss) + pyrophanite(ss) 0.08 0.27 0.65 1.58
0.04 0.31 0.65 1.95
0.13 0.28 0.59 1.48
0.05 0.36 0.59 2.00
0.12 0.36 0.52 1.70
0.06 0.42 0.52 2.02
Rutile +~ pscudobrookite(ss) + pyrophanite(ss)  0.09 .23 0.68 1.44
0.12 0.23 0.65 1.43
TABLEI1

RESULTS OF EQUILIBRATION RUNS FOR DETERMINING ACTIVITY—COMPOSITION RELATIONS IN THE SYSTEM
MnG-CoO at 1250°C

‘\-CDO r({= CO:;’CO) dceo
.15 1.25 0.18
0.50 23 0.54
048 35 0.52
0.63 4.4 0.65

1.00 6.7 1.00
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Fig. 3. Aclivity-composition relations in the system MnO-CoO at 1250°C, as determined in the
present investigation. The curve for MnO was obtained by Gibbs-Duhem integration. The light
dashed line shows relations according to Raoult’s law. Data from previous work? are included for
comparison.

positive deviation from ideality, but the deviation was within the somewhat wider

limits of error associated with their experimental method.
Values of log C as calculated for Reaction (4) are shown as part of Fig. 4, and
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Fig. 4. Plot of log C rs. composition for coexistence of spinel solid solutions with either oxide solid
solutions (solid circles) or pyrophanite solid solutions (open circles) in the system MnO-CoO-TiO;
at 1250°C.
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activities for the spinel solid solution as derived from these data are shown in Fig. 5.
(The latter diagram is based also on more extensive activity data for this solid solution
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Fig. 5. Activity—composition relations in Mn;TiO;-Co-TiO. soiid sotutions at 1250°C, as calculated
from dircctions of conjugation lines between coexisting oxide and spinel solid solutions, and from

dinections between coexisting pyrophanite and spinel solid solutions. The light dashed line shows
relations according to Raoult™s law.

as derived from the pyrophanite—spinel equilibrium, as discussed in a later section.)
The change in standard free energy. 4(4G?), for Reaction (4)

4(4G%) =& AGS(:;;T;O. — 134G, 1o, (8)
is then calculated from the equation
4(4G°) : ~
- m— log C + 10g 7uatin.50: — 102 Fcotio.s0- 9)

Krowing 4G2, 1.0.. and determining 4(4G°) experimentally, the value of 4Gy, 1:0,
is obtained as

AG.‘\)ln;TiO.. = AGgo;Tio. +24(4G°%) (10)
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The value of 4(4G°) for Reaction (4) as calculated from Eqn. (9) is — 1.0 kcal, and
the free energy of formation of Mn,TiO, from its oxide components according to
the equation

2MnO + TiO, = Mn,TiO, an

is AG® = —7.6 kcal at 1250°C, based on a value of —3.6 kcal for 4G, 1;0, at
1250°C'.

Phase assemblage rutile + pyrophanite solid solution
The results of equilibration runs involving this phase assemblage are listed in
Table I. For the equilibrium

(CoTiO3) + CO=Co + TiO, + CO, (12)

the activities of CoTiO; ir the pyvrophanite solid solution are calculated from the
expression
r
AcoTioy = (13)
Fo

where r and r, are the CO,/CO ratios of the equilibrium above and of the equilibrium
between CoTiO;, TiO, and metallic cobalt in the binary system CoO-TiO,, respect-
ively. The latter phase assemblage is not stable at 1250°C. but the r,-value is readily
calculated from the free-energy data available' for each of the compounds involved
in the equilibrium. The plot of r v's. N 0/ (Ncoo + Nuao)in Fig. 6 indicate sa moderate
positive deviation from ideality of the pvrophanite solid solution.

Phase assemblage pyrophanite solid solution + spinel solid solution

Equilibrium data for this phase assemblage are listed in Table i and shown in
the form of conjugation lines in Fig. 1. Using the known activity-composition
relations of the pyrophanite solid solution, as determined from the pyrophanite—
rutile equilibrium, values of log C [C = (@cotio,” VMaTig 50:)/(AMatio,” Neotio 5021 @S
calculated for the reaction

(MnTiO;) +(CoTig s0,) = (CoTiO3)+ (MnTi,.s0,) (14)

from the above data are obtained as shown in Fig. 4. It is seen that the slopes of
the two curves in Fig. 4 are practically identical, and hence the deviations from
ideality of the spinel solid solution as determined from the present equilibrium are in
agreement with those determined from the oxide +spinel equilibrium. Activities of
the components of the spinel solid solution are shown in Fig. 5. A considerable
negative deviation from ideality is observed.

The value of 4(4G°) for reaction (14) as calculated from these data is 2.6 kcal.
Combining this with the known values of the free energies at 1250°C of the other
components involved in the pyrophanite + spinel equilibrium (Co,TiO,. —5.6 kcal’;

Thermochim. Acra, 2 (1971) 277-292
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Fig. 6. Plot of CO./CO ratios (r) rs. composition for pyrophanite solid solutions (solid circles)
and pscudobrookite solid solutions (open circles) in equilibrium with rutile and metallic cobalt in
the system MnO-CoO-Ti0; at 1250 °C.

~

Mn,TiO., —7.6 kcal. this work ; CoTiO;. — 3.4 kcal'), we obtain for the free energy
of formation of MnTiO; from its oxide components according to the reaction

MnO+TiO, = MnTi0O; (15)

a 4Gyati0,-value of —7.0 kcal at 1250°C.

Phase assemblage pseudobrookite solid solution + pyrophanite solid solution
Equilibrium data for this phase assemblage are listed in Table I and shown in

the form of conjugation lines in Fig. 1. Values of log C

[C = (acstio,” Vata1i:0)/(@uatio,” Ncotizo,)] as calculated for the reaction

(MnTiO;)+(CoTi,0:) = (CoTiO;) + (MnTi,Os) (16)

are shown in Fig. 7. The activities of CoTiO; and MnTiO; used in the expression for
C were those determined from the rutile + pyrophanite equilibrium. The composition
range of the pseudobrookite solid soluticn is too small, and the number of points
obtained is too small, to permit a reliable and accurate description of the behavior
of this solid solution. However, the C-values change very little with composition,
and the data suggest that the psecudobrookite solid solution shows a very small
positive deviation from ideality.
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Fig. 7. Plot of log C c¢s. composition for coexistence of pscudobrookite and pyrephanite solid
solutions in the system MnO-CoO-TiO; at 1250°C.

The value of 4(4G°) for Reaction (16) at 1250°C is 1.3 kcal. Combination of
this value with the known free energies of formation of the other components involved
in Reaction (16) (CoTiO;, —3.4 kcal'; CoTi,Os. —4.0 kcal'; MnTiO;. — 7.0 keal,
this work) gives for the free energy of formation of MnTi,O; from its oxide com-
ponents according to the equation

a AG®-value of —6.3 kcal at 1250°C. Because of the long extrapolation involved,
this figure is quite uncertain. The value is consistent with the observed instability of
MnTi,O; in the binary system MnO-TiO,. inasmuch as the 4G%-value calculated
for the reaction

MnTi,05; = MnTiO; +TiO,

is —0.7 kcal, based on the data obtained in the present investigation.

Phase assemblage rutile + pseudobroaokire solid solution+ pyrophanite solid solution

Results of equilibration runs involving this phase assemblage arc included in
Table I and in Fig. 6. The pseudobrookite phase of this assemblage is the end point of
a solid-solution series starting at CoTi,O; and extending part-way toward the hypo-
thetical compound MnTi,Os. For this solid solution, we may write

(CoTi:05)+Co = Co+2TiO0, +CO, (18)
and activities of CoTi,O; are calculated from the expression
r
UcoTizos = — (i9)
Fo

where r and r, are the CO,/CO ratios of the equilibrium above and of the equilibrium
between CoTi,Os, TiO, and metallic cobalt in the binary system CoO-TiO,, res-

Thermochim. Acta, 2 (1971) 277-292
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pectively. The composition range over which the pseudobrookite solution is stable is
too small to derive accurately the properties of this solution, but the data suggest
(see Fig. 6) that the solution has a small positive deviation from ideality, confirming
the conclusion reached from the pyrophanite-pseudobrookite equilibrium (see
preceding section).

The system MnO-NiO-TiO,

Plrase assemblage oxide solid solution + spinel solid solution

Results of cquilibration runs for this phase assemblage are listed in Table I11
and shown in the form of conjugation lines in Fig. 2. Values of log C
[C=(axio- NutaTie. 0,0 (Crno” NVnitio 50.) for the reaction

(MnO) +(NiTig-50,) = (NiO)+(MnTig.505) (20

TABLE 11

EXPERIMENTALLY DETERMINED CO: CO RATIOS OF GAS PHASE IN EQUILIBRIUM WITH METALLIC NICKEL
AND PAIRS OF OXIDIC PHASES IN THE SYSTEM MnO-NiO-TiO, a1 1250°C

Phase assemblage Compuosition of mixture r(=C0,/CO)
(mol fraction)
MnO NIiO TiO,

Spinel(ss) + oxide(ss) 0.57 0.12 0.31 1i.6
0.46 0.23 0.31 21.5
0.41 0.28 0.31 26.1
G.36 0.33 0.31 293
0.32 0.37 0.31 31.3
0.26 0.43 0.31 32.8
0.18 0.51 0.31 342
0.49 0.49 0.02 214

.27 0.71 0.02 26.5

Rutile + pyrophanite(ss) 0.13 0.20 0.67 13.7
0.00 0.45 0.55 19.5
0.39 0.05 0.52 6.G

.28 0.20 0.52 10.7

0.15 0.33 0.52 15.2
0.07 0.41 0.52 17.7

Pyrophanite(ss) + spinel(ss) 0.40 0.25 0.35 15.5
0.32 0.33 0.35 211
0.25 0.40 0.35 28.¢
0.18 047 0.35 33.6

Pyrophanite(ss) + spincl(ss) + oxide(ss) 0.12 0.53 0.35 34.2

Pyrophanite{ss) + oxide(ss) 0.04 0.48 0.48 34.5

as calculated from the above data are shown graphically in Fig. 8. Activity—composi-
tion relations for the spinel solid solution within its stability range, based on the
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TiO: at 1250°C.

analogues of Eqns. (5) and (6) (see p. 281) are illustrated in Fig. 9. The solution
displays a ccasiderable negative deviation from ideality. The value of 4(4G°) for
Reaction (20) is — 3.6 kcal. Combination of this value with the previously deiermined
AG%value for Mn,TiO, at 1250°C (—7.6 kcal) from the MnO-CoO-TiO, equili-
brium data gives a value of —0.5 kcal for the free energy of formation of Ni,TiOg4
from its oxide components according to the reaction

2NiO+TiO, = Ni, TiO, n

—

This is in reasonable agreement with the value (—1.9 + 1.8 kcal) previously deter-
mined for this compound at 1400°C from equilibria in the system MgO-NiO-TiO,?
and with the value (— 1.7 3-1.0 kcal) determined for this compound at 1050°C from
equilibria in the system ZnO-NiO-TiO,'°.

Phase assemblage rutile + pyrophaiiite solid solution

Results of equilibrations involving this phase assemblage are listed in Table I11.
For the equilibrium

(NiTiO;) + CO == Ni + TiO; + CO; (22)

the activities of NiTiO, in the MnTiO,-NiTiO; solid soiution are calculated from
the expression

r
aNiTiOy = — (23)
To

Thermochim. Acta, 2 (1971) 277-292
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Fig. 9. Activity—composition relations along the spinel solid-solution series (Mn,TiO:—-Ni-TiO;) in
the system MnO-NiO-TiO., at 1250°C.

where r and r, are the CO,/CO ratios of the equilibrium above, and of the equili-
brium between NiTiO;, TiO, and metallic nickel in the binary system NiO-TiO,,
respectively. Activity-composition relations along the MnTiO;-NiTiQ; join, as
calculated on this basis, are illustrated graphically in Fig. 10. The system shows a
considerable positive deviation from ideality.

Phase assemblage spinel+ pyrophanite solid solution

The data for this phase assemblage may be used to check the consistency
between the data for the spinel solid solution, as obtained from the oxide +spinel
phase assemblage, and the data for the pyrophanite solid solution, as determined
from the rutile + pyrophanite phase assemblage. Results of equilibration runs for a
few mixtures having spinel and pyrophanite as the coexisting phases are listed in
Table III and shown in the form of conjugation lines in Fig. 2. Values of log C
[€ = (@xitio,” Nsatio.;0.)/(@umatio,  Nnitie_s0.)] fOr the reaction

(MnTiO;)+(NiTig s0;) = (NiTiO;) + MnTi, 50,) (24)

as calculated from the above data are included in Fig. 8. In these calculations, the
activity—composition relations used for the pyrophanite solid solution were those
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Fig. 10. Plot of CO,/CO ratios (r) and activities of NiTiO; rs. composition for pyrophanite solid
solutions in equilibrium with rutile and metallic nickel in the system MnO-NiO-TiO, at 1250°C.

determined from the rutile + pyrophanite equilibrium. Taking the value of log C at
NxiTio 50, = NMaTig 50, =0-5 as an approximate measure of 4(4G°%) for Reaction
(24)7, and using 4 G°-values determined previously for the other species of Eqn. (24)
(MnTig sO,, —3.8 kcal, this work; NiTiO;, —2.3 kcal?; MnTiO;, —7.0 kcal, this
work), we calculate from this equilibrium a 4 G%-value of — 1.6 kcal for the formation
of the hypothetical compound Ni, TiO; from its end members at 1250°C. This is in
excellent agreement with the data for this compound as obtained from the systems
MgO-NiO-TiO,? and ZnO-NiO-TiO,!°, and in satisfactory agreement with the
data obtained from the oxide+ spinel equilibrium in the present work. The slope of
the curves showing log C vs. composition in Fig. 8 is a measure of the deviation from
ideality of the spinel solid solution. It is seen that the siopes of the two curves over
the composition ranges studied for both equilibria are similar, and hence the limited
data obtained for the spinel + pyrophanite equilibrium tend to confirm the negative
deviation from ideality of the spinel solid solution and demonstrate the internal
consistency of the data.
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