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THE RELATIVE DISTRIBUTION OF ENEﬁGY ON
THE B&SOA SURFACE: PART ITII

J. M. Morabilto, JroT
University of Pennsylvania, Philadelphla, Pa.,

\ and
P. F. Duby
Columbia University, New York City, N. Y.
ABSTRACT

This is thevfiret attempt to measure the relative distribution of
f‘eneréiee on the eurface of BaSOu,"Threevsamples werevstudied. Two of
the samples were Investlgated after undergoing the sameoheat'treatment,
and.the reletive'distribution.of'Surface energy for both was found to
be.very'eimilar. A thifd sampie, tested afterva prolonged heat treat-
ment, was found to be more homogeneoue and the distributionvobtaiﬂed
‘more wniform, For all the samples approximately 60% of the surface was
heterogeneous. For the two simllar samples approximately 10% of the
surface had energles from 3 to h-l/QItimes greatef tﬁan the avefage
[Zé(o)]_. Therefore, strong attraction-forvthe'two saﬁples and'eome
secoﬁd phase wes-primarily due to 45 of the'eurfece; whereas, for the
third sample 1t was found to be 50%;

The observed heterogeneity is attributed to the presence ‘of sur-

face cavities which contrlbute not only to the excess energy on the sur-

face, but to its surface area also, Their contribution to both was .
rendered inoperative by the preadsorption of the fatty acid., From this
study we have concluded that dispersion forces are predominant on the

T Preuent affiliation Inorganic Materials Research Division, Tawrence
Radiation Iaboratory, Berkeley, California. '
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 surface of-b‘Basoh; this is reé;s_onable for & moiec_\i‘le;-_r crystal such as . :

BasSOye
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-I. TINTRODUCTION

In a rccent publicationl the theoretlcal deseription of the relative
distribution of energy on & solid surface was derlved and applied to the
Tio2 surface. Very little has been publiéhed on the surface propertles
of BaSOu, and the nature of 1ts heterogeneitymis unknown. For this

reason a detalled adsorptioﬁ study of the BaSOu-N2 system, the effect

of & preadsorbed fatty acid on its adsorption characteristics and on 1ts

energy distribution was undertaken in order to improve our understanding

‘of its surface properties. This is the first attempt to obtain the

relative distribution of energy on.BaSOug

N
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IT. EXPERIMENTAL

The type of apparatﬁs used and pfeparafién of the'baie BaS0), Samplesj
prior to the adsorption_méasurements and 1ts coating with stearic acid
‘was7exact1y the same &s that of the T10, étudy.g Three samples of BasO), :v ) }7;}?
. “weré.inﬁestigaﬁed. ‘Two of theisampleg (desigpated a§>SL aﬁﬁ,a??,w¢?¢' ”
v.fsubjeEtea>fo'the ééme heathﬁreétﬁent.<éobdc for G’days) aﬁd.the third
(éample B) received a prolonged heat treatment (600°C for 12 days) prior
.tO'the iﬁitial measurement. The samples were Baker's Analytical reagentb
gradé and assayed 9Th in purlty. The greatest percentage of impufity was
- repérted'tobbe watér soluble salts. In addition, Basou i1s known to cbntain'i

‘water coprecipitated.with Basdh molecules and held in éocketé in the

g_-'_cry'stallités_;5 Three moleculés‘of water sﬁbstitute féf each Basoh ibn"
-~ pair in the4c¥ystal lattice.* Wu and Copelandh have shown that this
" water cannot be completely removed at any temperature below 600°C and 16_6
mm Hg preséure. Tﬁéy fall to ?oiht out,vhowefér,‘that at thesé témperd— o E_”7
tures,BaSOh'has d.tendency td agélomergte; this changeg the surface apéa
and, therefore, the adsorption_capaciﬁy»of the surface. If a sample is
heated to these high'temperatures (500° -.606°C) after éach measurement
in an effort to'rebroduée thevisothermx eagh degassing_will allow for
further agglomefatioﬁ, a décreasé in surface érea} and'perhaps further
-removal of any residual'trapped watgr makiné reproducibility impossible.

However, the surface preparatioﬁ used in this study was such that the

B o R

adsorption data were found to be completely reproducible. v _ ' g

¥ One barium sulfate group occupies about 863> (one-quarter of the unit

_ cell) and three water molecules about 9OK).
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ITI. RESULTS AND DISCUSSION
o
' A. Adsorption Isotherms
v . The effect of preadsorbed stearic acld on the nitrogen adsorption

isotherm of BaS0), is similar to that of Tiog. Typical isotherms for
bare and coated conditions at 77.5°K.are shown 1in Fig. 1, where Ol.is
thevfraction of surface covered with preadsorbate calculated by assuming
the perpendicular orientation; and 6” for the preadsorbate in the parallel
orientation. The vertical line is the estimated error on the volume
P | adsorbed.
Every_experimental precaution was taken to guarantee that the_re-
{f: ”' “v o | dugtion in the isotherm after the addition of the preadsorbate is due
: to masking by the long‘chain fatty acid. Evidence that fhe change in
temperéture during the measurement for each coating and the thermal pre-

treatment of the sample wefe not responsible for the reduced isotherm'is

éeen in Table 1. where the temperature coefficients of the coated and
uncoated sample (S1) are compareds These data were taken‘from'thesad-

sorption isotherm at T7.5°K and 90.,2°K. The fact that the temperature

3 ”   i . coefficients are the same within experimental error for each coverage is

convineing evidence that the samples are at the same temperature and that

the kinetics are the same for both the coated and uncoated samples. Since
the conditions of each measﬁrémentvafter coating are the same, and the
sequence of heating and coating prior to the measurement has been stand-

'ardiZedevany reduetion-iﬁ‘adsorption must be due to the eoating of the

- surface., This aléo means that a comparison of the isostericvheaté of
adsorption for the bare and coated samples is Jjustified since equilibrium -

conditions prevail.
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Table l. Temperature coefficients of sample Sl.

Fen 0 g 0 (E)xow

0 0 3.6%
% c 2T 3..3%
10% 60% ‘ 3%

b o o | 0" 4.3%
b S | 2Th ~ 4a1%
o - 10% 60% by

8. o 0 | o C 5% o
8 - % - e B N S
8 0% : 60% 5l L

o . v 0 ; o 63%

% | 27 . 5.6%

RE R
o
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B. The Effect of Preadsorption on Surface Area Measurements

When the isotherms of Fig. 1 are plotted using the linear form of
the B.E.T. equation, good straight lines are obtained in the range

t 3
P,/P_ = +05 to .55 as shown in Fig. 2. P

" is the equilibrium pressure

and P_ is the vapor pressure of the adsorbate at the temperature of experi-
ment . As mentioned, Basoh contains coprecipitated water present in.
pockets in the crystallitess The removal of this water from the pockets
leaves cavitiés in the crystal and leadé to the formation of a stable
"substraction® latticéoB The effect of this removal on the surface is-
not'certain, but it has been suggested by Wu and Copelandh that the
surface may contain a proportionate share of these pockets. They had
difficulty in reproducing théir surface aresg resulté with HéO adsorption
measurements and explained this nonreproducibility by the presence of
. surface davitieé. If thelr explanation is correct, the preadserption of
8 long~chain fatty acid whieh would tend to fill any cavities on the
surface should result in a decrease of surface area for barium sulfate.
That this is actuslly the case is shown in Fige. 3. This decrease
of surface area with preadécrbate‘verifies the'Suggeétion of Wu and
Copeland.h Both saﬁple SL aﬂd5$2 are from the same bottle. The change
in surface ares for the formér 18 15 and for fhe latter 12%. After
6”_= 2% there isAno'significéﬁt change in surface ares for these two
 _'sdmples.
' Sample B was from a héWabéttle. 'Tts change in surface ares‘isléﬁ%;
~and there is a change in itsbsurface area‘up to 9” >= L84, Tt is'fﬁther
interesting that it reaches essentlally the samé constantvvalué‘of surface

- area as sample S1 (Fig. 3). Furthermore, the ratio of the‘fraction of the
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respective surfaces covered when the surface areas become constant and

the ratio of their change ie the same for sample S1 and sample B--that »
is, two. Sample B was the last sample measured and was heated for a much

longer time than the previous two. This may be the reason for any differ-

ences. For all three samples the fraction of the surface covered is

apprekimately two times greater than the surface area change. The lowest
.aecurate'coverage possible was 9” = 13%, which is exactly equal to the
corresponding surface area change (13%) for sample B. This shows experi-

mentally that. at low coverage the preadsorbate will cover the highest

energy sites which are, of course, the cavities due to the removal of
water. Configurational effects are not important, and the long chain is
iere efficient in its coating. At the larger fractions of coverage,

* configurational effects are'merefimportant since the heat of adsorption

en the 1ess_acti§e cracksaanaismaller eaVities is.lower; It will take o _ B
more molecules to cover‘theSe:snaller defects since the adsorbed.molecules
eeme:in eontactvﬁitn less iens ae"compared to the larger cavities.

Tt should be srated thar the surface areas and the ehange'ﬁhat results

from the preadsorptlon have been calculated by the form of the B E.T. “

_equatlon Whlch is only valld for a non-porous adsorbent. BaSOu is &
non-porous powder. Therefore, the change in surface area for. the barium
sulfate pcwders is attrlbuted not to the Eor081t of the powder, but to ' B

the presence of surface cav1ties.‘ Slnce these cavities have an average

area of 22 29& and the area, of a nitrogen molecule is 16, 2A s they will -
_ be occupies by nltrogen molecules. 1n1t1ally and increase the amount ad-
n“ »J- - sorbed at any given pressure~up to the pressure corresponding to monolayer

coverage (Vm). After coating, these cavities. are no longer available tovv
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the nitrogen molecules, and Vﬁ will decrease. Adsorption and desorption’
of the nitrogen molecules from these cavities involve simlilar forces;

" there is no capillary condensation which results in hysteresis.

C. Isosteric Heats of ‘Adsorption for the BaSOh—N System

A typical plot of the isosteric heat of adsorption for the BaSOu-N
system is shown in Fig. 4. The heat of adsorption is reported for both
the perpendicular and parallel orientations. The shape of the differential-
5,6

heat curve is not uncommon. The rise with the adsorbed gas coverage is
attributed to the lateral véﬁ der Waal's forces between the adsorbed |

molecules. A maximum is reached, and then the heat decreased to the heat
of condensation for nitrégen;

The total or integral exper?mental heats calculated up to a monolayer
QﬁHm) for nitrogen on the three BaS0), samples.are tabulated in Table 2 as
- a function of the fraction of‘surfacé covered with the preadsorbate aldng
with the heats calculated frém»the constant C of the B,E.T,. eqﬁation; The
fact that the neﬁ.heats as célculated from the B.E.T. parameter C are

' smaller than the measured is & good indication that the measured heats are
"”_-reasonable. Brunaue£7mentloﬁs that the B.E.T. heats can be even smaller |
?thgn 50%vpf the measured'value. This is considered an EEBEE limit. Muach

hiéhei:heat'values thahrthé énes répbrted in Table 2 cduld’only be obtained .

if the heat curves started at & very high valﬁe end prbgressively décreaéed'
as.the amount'adsorbed increéSéS§>bAs pointed out, this shape was.obtainedi.
for the TlO -Né system,2 and the éxplanation for this type.of‘curve is |
that the first molecules to arrive at the surface are preferentialky ad-

sorbed'at high energy sites giving off large quantitles of heat; as more

- molecules arrive, these sites become filled and only the less active sites




-8~ _
UCRL-17819

Table 2
The measured isosteric heat integrated up to the monolasyer coverage ’
(aH_) and the net heat as calculated from the C constent of the B.E.T.

equation for the BaS0), samplese : ' ‘ ;!‘
0 ergs ergs
- Sample J% 0 AH, ( cmg) A ( cme)
(%) ® Experimental B. E. T.
total
s2 0 0 123,02 - 82,ke
B 0 0 98,41 - 88.820
A s 0 0 112,140 © 88.820 |
2 2T7.9 s 86,58 75,69
B B 15.21 2.3k 88,02 82,07
i sl - 26,98 5 83426 T TTe3h T T
- SENTIE | .
C B 48,00 85T "81+.50q, ; 79466 L ]
s1 60,19 . Io. 6,01 76416 {
s2 L1235 . 20 753 . B ok
D B 6575 CILT8 80420 79466
st 116,61 . 20 . 69446 T 7% L
i
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are gvailable. This type of curve 1s not impossible for the BaSQu-N2
system, but is unlikely for the surface preparation used and for the
magnitude of heat which would result. Heats which are from four to
five times the heats calculated from the.B.E.T. eqﬁation are the ex~
ception,
Sample B received a different heat treatment than sample S1 or sample
S2. It was also from a different reagent bottle. Nevertheless, the heat
of adsorption for the uncoéted samples are of the same order of magnitude
(Column L4, Table 2), which indicates that the same forces are operative
from sample to sample. Sample B was measured in an effort'tobstudy the
effect of a different surface preparation and to seé if a sample from a
different reagent bottle would be significantly different from the other
two samples. It reéeived‘a much longer heat treatment (two weeksvat 600°)
than the other two and, tﬁérefore, should be more homogeneous, The.eX—
perimental heat of adsorption is lower for sample B, and its change in
fhe heat of adsorption With pfeadsorbate coverage is also small gompared
to the othervsampleSO There are.many plausible aﬁd consistent explanations

for these differences; howeVer; none of them can be proven_With certainty.

The reason for this is the expefimental results are average quantities

_which reflect an underlying microscopic interaction but doeé:not~real its

precise nature. ‘In addition, the shape, orientation, true size, ete., of

the cavities on the surface of BaSOh and hence on the numerous possible

‘planes ({100] , {110} , etcs) which make up the surface of the powder is

not known. Nevertheless, one possible explanation for the lower heats of

adsorption for sample B is that a long heat treatment results in a tendency

to form cavity pairs on the surface and, hence, reduce the surface area.
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The cavities mre larger and can accomodate more. nitrogen atoms. This
facilitates the possibility of interaction between the adsorbed atoms
which can be larger than that due to the interaction of the surface with
the gas and results in a smaller net heat of adsorption.

This total heat of adsorption up to the monolayer (AB&) consists of
a part due to the low energy sites (sites at the homogeneous part of the
surface)‘ﬁlus the excess attpibuted to the heterogeneity and the sum of
the lateral interactions up to the monolayer which can be measured from
the heat of adsorption curves at the mondlayer, For the BaSOh-NQ system.
(Fig. b), it is approximately’equal to the heat of condensation (AHS) of
N2(56.96vérgs/cm?).- Therefore, the total measured net heat of adsorption
_[fotal ﬁéat (experimental) - heat of condensation] is equal to the net heat
of adsorption on the homogeneous part of the surface as calculated by the -
»B,E.T; constamt C plusjthe net heat due to the heteiogeneity of the surface.
The contribﬁtion t§ the total heat of adsorption by the heterogeneity of
the surface shouldvbé»progrQSSiveLy decreased by the preadsorbate until it
;is very small qompared to ﬁhétvof the lateral interactions and smooth part

"of the surface or'zefoo-'This'Will, of course, depénd on the"éffectiveness

of the pfeadsorbaﬁe and on thé_hature of'surface;w if thévhetérogeneity of -

BaSOu'is due primariiy to the cavities and if the preadsorbaté dbes; indeed,
cover them, then the contribuﬁion of the heterogeneity could e eliminated
ehtirelzb, Therefore,
[ VIS I T
(e -an ) N = (A - M) T B (1)
measured . © 7 B.E.T. '
9” goes- from 0 to 1. The results are shown in Table 3 for the BaSOu-Nev

system as calculated from the data of columns 4 and 5 of Table 2. -Initially

o
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Table 5 °

The net heats Q(6), Q

B,E,T’ and EN calculated from Table 2 and Equation L.

(A1) o = R(O) (QHAH)p b = Q - By
ergs : ergs erg
, 2 2 >
\ cn cm -em
66,060 25,46 - bo.60
A 41,1450 31.86 ' 9.59
55018 28,00 27.180
29,62 18,730 ' ' 10.890
B 31,06 254110 , ‘ 5495
26,30 204380 54920
27,540 22,700 4,840
C 19,100 19,200 - 100
18.270 | 16510 . 1.7760
D 23,2k , 224700 , kb

19,100 19,200 ' , - 100
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the contribution of heterogeneity to the total net heat measured for
sample B at e”' - 0 is only 2% of the totals whereas, it is 62% and 49%
for sample S2 and sample 81, respectively. The error  on  these
heats’ isl 1}2‘1;ergs/cm2. ~ The contributions to the total heat of
adsorption due to the heterogeneity of the surface (column 3 of Table 3)

are obviously different in magnitude for the three sampleslas a function

of the fraction covered 9”. Its effect, however, 1s essentially zero for

© all three samples after 9” = 60%. This 1is a very interesting and
meaningful result. Note also (Table 3) that after 9” = 60% the net hesats

of adsorption (Q) are approximately the same for the two samples which

received the same preparation (S1 and S2); that it, (18.27 % 2,1) ergs/cm

v lThé}third sampleﬁ(B) is also within this range, (25,2hﬁté,i),ergs/ém?;_
The B.E.T. heats (Qf;E.T;) Which are a measure»of the homogeneéus part of
thé surface are aiso of the same relative magnitude. These results in-
diéate thét an appreciable pait bf the heterogeneity of the BaSOh samples
as prepared in4thisystudy may be caused ijthe preéenée_of these macro-
‘séqpié defects (cavities) on its spiface which are rendered inoperative
by the presence of the stearié acid. It is not too ofteh £hat'éurface
nbnuniformity can be éttributed to aﬁy one defeét.'.This_is'not to say
ﬁhat the BaSOh powders do mot comtain other in@erfections; indegd; theirx

number may be much larger than the cavities. However, if very small or

-very nonenergetic, their'contribution to the surface area or to the energy

of interaétion should be negligible. This definitely seems to be the case
with the BaSOh powders. The information presented in tabular form in

Table 3 ié also shown graphically in Fig. 5. Obviously sample B is the

o pmaa i
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—

BeE+To

versus 9” and not ql since the analysls of the surface energy variation

more homogeneous of the three samples. @Q(9) and are plotted

will be done for the parallel orientation only.

D. Conclusions from the Basic Results on BaSOh and Ti022

The net measured heat of adsorption (Q), net heat from the B,E.T.

theory (QE.E.T.)’ and net heterogeneous heat (EN) have been given for

BeE.Te

the BaSO) samples and the TiO, sample.2 The results fér Q and §
i were also given in graphical form in Figs. 5 and 8.2 The most significant

difference between the TiOé;Né'system and that of the BaSO)N, is that the
contribution due to the heterogeneous portion of the surface is not elim-

inated for Ti02.2
BE.T, for the combination T102-

’ for» BaSO)_L-

It is'very interesting to note that-
steariec acid éufface is very similar in magnitude to a v
- ) ‘ B.R tT,Qx
stearic acid film once the heat of adsorption remains constant'with'pre-
adsorbate coverage; that is, around 19 ergs/cme, BruaheurS'poihts out -
the heat of adsorptioh of the homogeneous part of the surface does not
change mnéh”eVen from adSOrbént to adsorbent, It is comforting toVobserVé‘~

this well-known fact, The predcminate forces between a covered surface

and a gas should be of a dispersion type, and dispersion forces between

unlike atoms are usuéily of the same.magnitude; Mhller9_found‘that the

' energy -of interaction dﬁe to dispersion forces of a helium atom With,an

argon crystal is about the same as that of a helium atom with a titanium

dioxide erystal, Lenello found the dispersion force for argon on potassium

éhloride,-pctassium iodide, lithium fluoride, and cesium chloride to be
about the same magnitude alsos Therefore, this excellent agreement may

’vbe'sohething more than fortuitous.
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Finally, the results of net heats of adsorption as a function of
the preadsorbate for both the Basoh—N and T10 -Né systems up to the
monolayer coverage indicate that.BaSOh is more heterogeneous than TiOe.
The heterogeneity of Basoh is due to large macroscopilc caviﬁies which
are filled in by the preadsorbate effectively removing them and replacing
them.byva planar surface composed of stearic acid molecules and'BaSOh
moledules;‘

- In the case of TiO, the observed heterogeneity is due to differing

2
jeléctrostatic forces on the surface which are caused by sharp points and
many-sided sites, The preadsorbate only reduced their effect to the point

where the ever present dispersion forces which were initially not as large

- —&s the -electrostatic forces- become more imporbe;ht.‘-—--— — e - .

Flnally, the magnltude of the net heats for total coverage (6” > 100%)
is the same within experlmental error for the three Basou samples, around
-19 ergs/cm (row.D, column 1 of Table 3)e This is experimental evidence
'forufhe fécf that the combin@fion (B@SOu + stéaric acid) has a constant
:surface.energy as was assumed:inideriving the necessary equations for

the relative energy distribution,”
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ITI, REIATIVE SURFACE ENERGY DISTRIBUTION FROM THE BASIC
RESULTS OF THE NET HEAT OF ADSORPTION [Q(6)]

A. Relative Distribution for BaSOu Samples

We can now use the results of the net heat of adsorption 5(9) as a
functipn of 6 (Figs 5) to calculate the relative distribution of energy
ES(G) / Eé(o) on the BaSO), sampless We will transform our knowledge of

. ‘the variation of the net heat Q(6) with preadsorbed coverage into the |
relative surface energy distribution.

All the terms have beén rigorously defined in a previous paper.1 The
values of 6 ﬁsed will be those calculated assuming a parallel orientation
for thé long~-chain fatty acid. This choice has been justified by both
theoretical and experimental-considerations,2 5(6) is related to the

energy‘of adhesion by the following equation,

> - , .
MEg = - Q(6) + 2¢ (@)

. “and to ES(G), where 6 goes from O.to 1 by the expression for &,
) (Q(6) + 2¢;) s - (-) -
= = T)p | - 2

[hereq(0)] ~ . .

The change in € (f) from the initial es(f'o)"was calculated using

the experimental resultS~for-§K6) and the equation;

- : =\ 4 oo §2
5@ Q@) veeq) ”
c5(0) (-q00) + 2, S

The results for sample S1 are shown in Table b,
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Table 4,

Values of ¢ () /'Es(o) calculated by equation (L).

0 1

27 L8h2

.60 T 634
1.16 - 634

- Similar- calculatlons were performed on. sample S2 and sample B, and
the. results are plotted in Flg. 6. The ratlo starts at 1 and decreases
‘to a constant fractlon.

~ The following equatiqn,”

5O, 2o @e g
5O RO+ 2g)  © |

can. be used to calculate ‘the average surface energy at any COVered frec- :
tion of the surfece, (9), w1th respect to the average energy of the
bare surface remaining eS(B)Aonce the derivative of the net heat Q(G)

~is known. The result for sample S1 is shown in column 4 of Table 5.
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Table 5

5

" . The relatlve surface energy distrlbutjon of BaSOu calculated. from net heat
of adsorptlon measurements, as & function of preadsorbed stearic acid, at va

= 83.9° K sample S1.

o 4y g e 4 s 5O w0
, - s\ s\
o 55.18 1,70 hgo k.o
.27 126.30 ~59.10 259 2,175
-~ .60 ©19.10 o 1 6
.16 19.10 o . N

| The results for ¢ (6) s (6) for the three samples are shown in Flg. T.
The results when values of € (3)/ € (O and e (9)/ € (9) are combined,"
(that is, € (9) /e (O) ) are shown for the three BaSOu samples in Fig. 8.

For the two samples which received the same preparation (Sl and SQ),
approx1mately 10% of the surface had energies from 3 to 4- 1/2 tlmes greater
than the average. A theoretlcal calculation on the 1nfluence of a cav1ty
on adsorption energies (van der Wsal's forces) has been treated bvae Boer

and Custers;ll They found that the interaction esergy is four times greater
iﬁ a cavity-bf semicircular geometry.than that“sf a moleculérly.smooth sur-
face. 'Fiésre 8 is in qﬁalitstive agreement with'this»salculatioh:since
initially ﬁhe intefactisn-bstWeen B&SQh and thé gas.is bélieved to be due
to such a cavity; TWGntyrfsyécnt:of'the two similar surfaces have energies
apprqximatsly 2.5 times'tﬁgﬁaverage;_‘The results alSq indicate ﬁhat'more

. . o R o o
“than 50% of the surfaces have energies below the average value. - Strong
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attraction for these two BaSOu samples and some second phase is primarily

due to roughtlyvh5% of the surface. The sample which received the longest

heat treatment (B) is quite different. Only 10% of its surface has energles

about 2 times the average., A large fraction (70%) of the surface has ener-
gies below the average. After 20% this surface is relatively homogeneous.
After 9” = 60%,all three samples converge to an average value of approxi-
mateLy‘ l/EEé(O). The éverage total surface energy [é;(o)] for each
.sample is different so that the absolute value #f the surféce energY'foi
the homogeneous fraction of the surface ﬁill not be the same, However, it
is interesting that the relative vaiues are spproximstely equal for the
homogeneous region, bu£ eonsiderﬁbly differenf in the heterogenedus part
of the surface. There are sites on all three samples whféh"hdvé energles
betwéen 4,5 to 5'times the average surface énergies. Them:distriﬁuﬁibns
'pfegénfed~afexdefinitely 8 funcﬁi§n of the surface preparation used. A
more efficient degassing tec':hn’iQue (sputtering) could ré_s_u‘lt 4in a dis-

tribution which has sites as"high'as 10 times the mverages

[

S
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IV. CONCLUSIONS

Since this was the first attempt to measure the relative distribution
of energy on BaSOu, comparison with other work is not possible. However,

from this work we have concluded that dispersion rather than eleetrostatic

~ forces predominate on the surface of BaSOh. Electrostatic surface forces

- gre ﬁot appreciable for molecular crystals; that 1s, one whose lattice

sites are occupied by molecules rather than atoms or non-atomic ions, of
which Bag0), is a known example. The magnitude and shape of the measuréd
heat of adsorption curves are consistent with this conclusion,

The heterogeneity observed is caused by the presence of,surfaée

cavities which initially make a contribution not only to the energy but

also to the surface area of the powder. Progressive coating pf'the surface -

with the fatty acid tends to eliminate these cavities. This reSults_in»a_
mbfe homogeneous surface and a decrease in surface areas For all three
samples‘of BaS0),, 60% of the'sﬁfface was found to be héﬁerogeneous.

For the two similar samples approximately 10% of the éﬁrface had

energies from 3 to-H-l/E times. greater than the average, This increase

'in the energy is attributed to the cavities and this proposition is

supported by a theoretical calculation on the-inflﬁence_of a cavity on

adsorption energies which found the interaction to be four times greater

: as'measuréd in this worke

i
:
i
£
it
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Fige 1
Fige 2

Fig. 3

Fig. 5
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FIGURE CAPTIONS

Adsorption isotherm of nitrogen with the fraction of surface
covered with stearic acid (6) as parameter at T = TT7.5 K.

B.E.T. plots with theé fraection of surface covered with stearilc
acid (0) as parameter.

Surface ares of BaSOh samples as a function of preadsorbed stearic
acid (0”).

Isosteric heat bf adsorption of nitrogen versus mples adsorbed
with the fraction of thé surface covered with stearic acld as

parameter, sample Sl

' The net_experimental‘heat.and the net B.E.T. heat as a function

of 9” for the BaSOh samples;

. Figs 6 Es(g) /'ES(O) versus 9” for BaSO) samples.

Fig. 7

Fige 8

eS(G) /'ZS(G) Versus 9” for BaSO) samples,

GS(G) /'ZS(O) versﬁs'en for BaSO), samples.
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o This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A.

Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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