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ABSTRACT y

'ﬁitrogen adsofption 1sotherms on TiO2 (rutilej coated with}v;rious
aﬁﬁuﬁfs of stearic acid were determined,Aand the change in the het heaﬁ
. of adsorption of nitrogen integrated up to a monolayef was calculated
as a function of the fraction of surface covered with acid. The;or;énta—
. tiﬁn of the iong chain fatty acid is believed to be parallel to the
surface raﬁher than pérpendicular énd experimental eiidence for fhis
fact 1s presented. After approx1mately 50% of surf;ce coverage,
the net heat of adsorotion was found to be constant This is in excellent
agreement with the work of Steele and Aston. The magnitude of this
change in the net heat of>adsorption:suggests a rather uniform distributionv
| of energies on the surface of TiOe. This fact énd the fact that the
surface area of TiO2 did not change after coverage can_be interpreted

by the presence of sharp points, and many‘sidéd'sites on the surface of

TiO2 as postulated by Aston.

t DPresent Affiliatién: Inorganic Materials Research Division, Lavrence
Rediation Leboratory, Berkeley, California
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IN&RODUCTION

The adsorptidnApoteﬁtial for‘the:adsérbate of a finel& dividea powder
‘i§'known to decreaéeldue to the presence of a pieadsorbed materiai:suéh
as chemisorbed methanol of water.;' The preadsérbate.screens the surfaée
ions, and ﬁhis results in the lowering éf the potential field emanating
from the surface which redudes the force of attraction between the ad-
sorbent and adsorbate. The additional effect of the preadsorbaﬁe on the
4surfaoe area of the powder as measured by the B.E.T. equation has been
_reported by several worke:s;enh the corresponding change in the B.E.T.
C parameter, and hence in the net heat of adsorption (El~EL)\have also
Eeen reported; along with the chaﬂge in the measured iéosteric heat.l

If progressive amoﬁnts of a_preadsbrbate are added to the adsorbent
up to the amouﬁt‘needed to completely cover the surface of the adsorbent
with a monolayer of preadsorbate, the chaﬂge iﬁ +the measured net heat
of'adsorptibn (isosteric) integrated up to a\monolayer can reveal interest-
ing informatiOn on the extent of the surface heterogeneity and in some -
cases reveal the nature of tﬁis heterogeneity (eracks, sharp points,
cavities, ete. )  This approach hés been atterpted by Steele and Astoﬁ.5

Results for the differential heat of adsorption of helium on a surface of -
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t¢tan1um QlO\lQe (rutlle) covered Wloh 1ncreae1ng amounts of argon Qhowea
that aftex' 6/10 of a monolayer of~ argon the dlfferentlal heat of adsorpclon
remained constant. Slxty percent of rutlle is therefore energetlcally
heterogeneous, thevremaining sites'being apnroximately of equal”value;
Preliminary measurements:b& L.:A. Girifalco6 on the -heat of wetting
of fine,powdefs as e‘function of preedsorbed long'cnain fatty acids in-
dicated that they have'e considerable effect on the heat evolved in the
wetcing process. Therefore, the progressive coating of the surface nich
| ’a fatty acid followed by the adsorption of nitrogen at 77.5°K and 90 2°K
should reveal 1nterest1ng 1nformatlon on both the nature and extent of its
h heterogenelty; The orientation of these long cha;n fatty acid molecules,-
..and the packing of theselmolecules on the surface, of fhe_powder when
adsorbed'from the vapor phase is also an interesting question which
"'reouires furtheriexnerinental clarification. Thislis:the first attempt
to correlateIthe.preadsorption of‘a long chain fatty‘acid and the subse-

- quent adsorption of é‘gas with the heterogeneous nature of the adsorbent.

EXPERIMENTAL

Adsorbent: The'adsorption neasurements were made on T102 (rutile) of
reagent grade. The samples used aseayed 99;h5% in purity. The largest
vpercentage of impufity was reponted to be water eoluble salts. The surface
areas ofl thevpowders in the bare and coated conditions were calculated

by use of tne B.E.T. equation and equai to 6,66 m?/gm with a precision

"of 5%, T10, is non-porous and hysteresis of the isofherm was not obeerved.
' The initial measurements on the bare powder were made  after the powder had
'heated for one week at 600°C in an alumina cnucible at atmospheric pressure.

This procedure was found to be a.sufficient-surface preparation and the

1
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results obtained were completely reproducible to within .7% which is
within the experimental error of the amount adsorbed. However it does

7

not remove all the irreversibly adéorbed{watef. Dawson ' carried out
experiments to determiﬂe the effeét of degassiﬁg time on the adsorption
capacity of rutile. Iﬁ our étudy as in his the choice‘of degassing

time wés arbitrar&. ;Sénce the bare powder was to be piogressively coated
with stearic acid, a s&stemati; procedure prior'to each preadsorption was
adobted to inéure that fhe remaining bare surface was in the'éamé Qéndition
prior to the adsorption measurements which followed. This proceduré

_ . _ L
will be outlined in a latter sectlon of this paper.

Adsorbates: Nitrogen and helium, which was used fo; the dead ééace
measurements, was Of thé highest éommerciéi purity évailable (dryﬁ, and
were fUrthef purified by the use of two cold traps which removed gny :
impurities of a ﬂigher boiiing point.

" The preadsorbate.was stearic acid (Cl8H3602) obtained from the Fisher

4

Reagent Chemical Company. The area occupied by a stearic acid molecule

8,9

. in the perpendicular or parallellorientation is known; it has a low
melting point (69°C) which makes equilibration of the acid on the surface
very convenient, The.acid is in powder form and when melted forms a clear

liquid which coats glass beads with a waxy film making_it ideal for this

% :
work. Tts vapor pressure is very low at the temperatures of the adsorption

measurements (77.5°K and 90.2°K); this makes the continuous coating and
measurements of the same sample possible'without risk of losing the stearic

acld previously adsorbed. The fact that the sample could be used for

* The glass beads were used to transfer the stearic acid té the sample.
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. éach increase in surface covefage; and not a new sample for each coverage;, - .
makes the objectipns of the research moie meahingful. It 1s never pdssibieT
to say that even powders from the same bottle which have received what -
:appéars to be the same preparation (degassing, heating, etc.) have the

same surface characteristics; therefore the same sample should be used
'1after each coating.

Sincevafter each coating we are interested in the heats of adsorptign -
 'from the bare part of the surface remaining and the combination (sample +
‘bétearic acid), the absolute maghitude of the heat of adsorption between

the adsorbate and preadsorbaté must not be known. This value should_be:
zero (or very small), and within the limits of the Clausius-Clapeyron
equation used £o calculate this heat, the value for stearic acid-Né was ;
found to be 0 * 1 erg/cm?. The reproducibility of these measufemenfs- |
was difficult. It 1s believed that a solutioning of the adsorbate
‘.occurred since a mﬁch longer time to attain the equilibrium pressure waéi'
observed. Furthermore, a systematic degassing procedure is difficuit-for‘
stearic acid since at IOW'pressﬁres (io'6 mn Hg) it will vaporize. De-

gassing at low temperature (77.5°K or 90.2°K) will be ineffective.

| APPARATUS
The adsérption measurements were perfprmed with a standara volumétricl -

apparatus. Pressure differences were read on a U-tube manometer by a

' precisioA cathetometef tb * 500 em. The dead séace was measured by the

use of helium and agreed within .2%. - The temperature of the bath was

measurgd by a thermocouple (copper-constantan) and gas thermometer

(nitrogen) by the equation of Dodge and Davis.lo The temperature was found

- to be constant during the entire experiment and equal to 77.5°K for liQuid
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" N, and 90.Q?K for'liqdid'oe.”_Thé temperaiuré must be constant to

2

within #.04°C to keep the relative error on the equilibrium pressure
(as measured by the manometer) down to +,2%.,. Boiling liguids meintzined
at a constant external pressure maintain thelr respective boiling point

temperatures to within #.004°C. The level of the liquid bath was main-

© tained gonstant by a constant-level devicet All pressﬁres recorded below

3 mm Hg vere corrected for thermal transpiration error by an equation due

11

PREPARATION OF POWDERS CONTAINING PREADSORBATE A

+ ‘Prior to each coating the sample which received the initial treatment

is degassed for five hours at J_O—7 mm Hg and 77.5°K.§ The samplezcell

under vacuum is then removed from the system'and placed in a dryqbdx.
The dry box has' an Hé-Ar atmosphere. A glass'bead containing a known
weight or preadsorbate is then placed on the powder which is shaken several

times to insure that the bead is well surrounded by powder, The powder

with the glass bead is then returned to the system and the He-Ar atmosphere

removed by opening the cell to the statle vacuum. The powder and bead
afe‘then degassed again'for:one hour at :LO-'21L mﬁ Hg_and 77.5°K, followed

by one hour at static vacuuﬁ, at which'time the vacuum is checked‘with

the McLecd gauge. ‘This was.done to insure that‘no acid is evaporating

and that no foreign gases adsorb OP the TiO2 prior to placing the powdgr

in an 0il bath for equillbration. At no time did the pressure increase.
Fquilibration is done under vacuum (lO"‘l mm Hg) to prevent any leakage

into the cell from the atmosphere which would adsorb and change‘the sﬁrface.

After from five to six days at 80°C % 1°C, the oil bath is turned off;

~and the sample slowly cools to room temperature. The céll_is then placed



" molecule of preadsorbate.

- 2045 A per molecule.

S e

" on the system and held au 77.5 K for one hour to insure that any stearlc

acid still in the vapor phase adsorbs. The cold bauh is then removed,

“and the sample is ooenea to'the static vacuum ‘of tbe‘system. The samole"'

is then checked again to be sure “that everything is exactly the same as :'

' conaitions prioruto the ecuilibration. The cold oath is tnen returned

and the newly coated sample degassed for a few hours at 10 -6 nm Hg.v The

b adsorotion measurement follows. This technique is tedious, but it was

M

found to bejcompletely successfula

‘. FRACTION OF SURFACE COVERED WITH PREADSORBATE AND THE ORIENTATIOW OF
' T Su MOLECULE

Three assumptionsncan be made for the‘crosslsectiOnal area per
: , A : . ; =

1. The molecule can be assumed to be stanaing uurigh with itsi
carboxyl group at the surface. Each molecule-uhen occupies an area equal
" to the area 1t would occupy 1n-a close—packed'film. The area is then
8 !
: 2. The major axis of the molecule could be parallel to the suriface.
a_-The‘molecule would nowroccupylan area of llh A per molecule.9
. 3. A mixture of the parallel and perpendicular orientation is
. also possible. The area occupied id this orientatioh 1s unknown.

The preliminary measurements by Girifalco who. used a similar coating

uechnique seems to indicate that the molecules are oriented "parallel” = . .-

to the surface. His measurements were made by a preclsion calorlmeter
6 .

. of high temperature sensit1v1ty; Girifalco performed measurements on

~ %he heat of uettingv

CMH = €gp - eS(O)

el tenp s

F I - -
R el ——

SURSPOR.

v e e = o
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where

ESL = average energy of solid-liquid interface per cm?
. - ' : ' . 2
eS(O)»= total-averagefenergy of:bare solid surface per cm~

.é .
4

as a fnnction of the amonnt of preadsorbed material for both lead chromate
and aluminum}oxide. Both stearic.and perfluorodecanoio acid were pre-
adsoroed on‘lead ohrométe. In the case of aluminum oxide, only one
preadsorbate was used (stearic acid), The data obtained can be analyzed
in the following vay., - | | | oy |
~For stearic acid_the perpendicular orientation results in,a?vélue

of é.EixiO—h ng of stearlc acld per cm? of surface needed for monolayer
- coverage. The parallel orientation results in hl?xlo -k mg per em? of
surface for complete coverage. As we progressively cover the bere surface
Witn‘the preadsorbate, the heat of wetting will decrease. When ooverage
is complete, the heat.of wetting should be a constant; This coverage will
be assumed to correspond to the monolayer. The resuits obtained by
Girifalco are shown in graphical form in Figs. 1 2, 3, and L, The scatter
of the data is relatively large; and this, of course complicates any
definite conclu51ons, however, an attempt will be made here to justify
the parallel type of orientation. The error will be:taken as the dlfference
between the two measured heats. of wetting at zero coverage as shown on
the graphs. | |

In Fig. 1 we will draw three constent iines (1, II, and III). I is
" the upper extreme value; iI the average value, and III the lower extreme |
value for the constant.heat of wetting. QHIand GL correspond to monolayer

“coverage for the parallel and perpendicular orientation respectively.

i
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Both the upper ext reme and the average value lmply that the long - chaln

. is parallel to the surface. However, uhe lower excreme implies that the.

oeroenalcular orientation is the more reasonable. Therefore, from these

o data alone no deflnlte concluslon 1s posslble. If'the orientation is

' _pernenolcular, “the adsorotlon of another fabty acid should result ln the
same value for the monolayer coverage since it is the carboxyl group

| ' wh1cn‘determines‘the area occupiled by the fatty acid. Perfluorodecanoici

. acid (C COOH) con ains approx1mately half the number of carbon atoms

oF19

as does stearic acid:(Cl7H35COOH) and, hence, in the,parallel orlenratlon-

- will cover about half as much area as stearic acid in the same orientation.

Ve can use any one of the three constant lines as a reference for this
- comparison, but the average value'(II) is “the most reasonable and will
be used. In Tig. 1 we see that a constant heat of'wetting occurs;at

approximately .BSXlO—h mng of stearic acid per cm? of'PbCrOA and from

 Fig. 2 at 1,86x10fu mg of perfluorodecanolc per cm? of PoCr0). The ratio

of these two values is approximately 2. If the orientation of the two

’fatty acids were perpenalcular, the ratio would be l. Therefore, we con-
" ‘clude that w1uh1n the precision and error of the heat of wetting date for
A o PbCrOh that the preadsorbate is orlented parallel to the surface.

In Fig. 3 we see: that all three constant lines 1mply that uhe orientatlon

- is parallel. The oeroendlcular orlentatlon leads to too hlgh a value .

IGL) for all three constant llnes, the data reach the constant values of

L
the three lines signlflcantly below 2 31x10  mg per cm?.ﬁ The average
for all three is .5XlO b mg stearic acid per cm? surface which compares

-guite well to .L\l"{XlO_Lr mg scearle acid per cm? surface for the parallel

orientation.-'

e e o e e e At = “rorrae

.
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Finally, Gilrifaleo found that heat of wetting curves for PbCrOh

versus both stearic acid and perfluorodecancic acid differed considerably.

This method of calculation was such that the results should be independent. -

When’thé_fesults are ﬁlétted assuming the parallel orientation, they do
superimpose within the error of the experimental data._ This is shown
in Fig. b, .

In addition, the éérlier theoretiéai work of De Boer12 who presenﬁs
someVinteresting éonéiderations on the orlentation of fatty acidslonl
bsolid surfaces in_terms of two dimensiénal condensatibn phencmena, sf%ports
thig‘conclusion, De Boer emphasizes that at low temperatures COnaenéation
| in the perpendicuiarvposition is very difficult. 'Thé more recené théoreti~
cal contribution of Rubin15 further strengthens the parallel orientation.
 However, it must be understood that the completely "parallélﬁ orientation
is a highly idealiied condition. Entropy considerations would prdbably
result in a sine wave type of coverage, that is, parts of the long chain
molecule not ih direct contact with the sﬁrface, This effect should
decrease with increasing surface uniformity, that is, a smooth, even
vsurface. At low coverage this idealized condition is;more reasonable
of course;.
- RESULTS AND DISCUSSION .
Nitrogen Isétherms; Adsorptioﬁ isotherms of N, on both_bare and coated

2
TiO2 were determined at 77.56Kuand 90.2°K. Typical results are shown

in Fig. 5 and Flg. 6, where Ql is the fraction of surface covered with
preadsorbate calculated by assuming the perpendicular orientation; and

GH is the fraction of surface covered with preadsorbate assumed in the

parallel orlentation. The volume of gas adsorbed is easily calculated
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from nressure measurements taken durlng uhe experiment by a mercury

manoneter. Equillbrrum pressures were measured from 10 to 20 min after -
dosing nhe sample. The curves schn are eyamples of T r"yne II or sigmoid
isotherms. The amount adsorbed at low pressures is large, followed by a
llnea* portlon where the rate of change in the amount adsorbed is smell;

and finally at the equilibrium vapor pressure the ‘amount adsorbed approaches

infinity; that is, condensation of the gas has occurred.

' The data ob alned gave cons1stenu and smooth curves, 1ndrcau1no that
the_experlmental procedure is saulsfactory; that 1is, the data were come
plete ly reproauc1ble within the error 1nherenu in uhe measured Darameuers
(pressure, volume, temperature). In Flgs. 5 and 6 it is epparent that the
preadsorbate (steardc acid) has caused a decrease in the amount cf:nitrogen.

physically adsorbed at any given pressure, and in particular, the . "knee

E bend" in the vieinity of the monolayer 1s noticeably reduced. This reduc-

tion has its prlnc1pal effect on the C parameter of the B.E.T. equaulon.

A decrease in C is 1nd1cat1ve of a 1ower "net heat" of adsorption, namely,
. the heat of adsorptlon of the first layer minus the heat of condensation

(B ‘Eﬁ‘)' + is apparent that the interaction of nitrogen with the

1

~combination substrate (TiO') and stearic acid is weaker than its interaction

2

with the clean surface since the amount adsorbed after coverage is smaller.
In general; the effecf of the stearic acid on the isotherms is quite
similar to that descrined by Holmes and Beebe;; This lowering of the
dsotherm has.been reported by several workers.l’B}#'

The isotherm data of Fig. 5 gave good straight linesvuhen plotted -
using tne linear form of the B.E.T. equation. Emmettlh'points out that

the presence of a chemisorbed gas layer does not interfere with the

measurement of the surfece area of solids provided that there is no



11~ - " UCRI~178%35

blocking of the adsorbent's pores.' There”are, however, numerous indica-
: : ' = .
.13,16

N tions in the literature that exceptions do exist The preadsorption

of the ldrge stearic acid'molecule shduld.qhahge the surface area of fine
. o : '_ powders which are eithér very porous or contain ;arge numbers of mécfo—

o scopic :defects, such as cracks and cavities. Another possible reason for_‘
~‘any diminutidn in su;fécé aree is a less condensed packing of the nitrogen
molegules on the‘fatty;acid surface. 'This.is only a possibility when the

preédsorbedfacid creétes a more heterogeneous surface which is rathér
unreasonable. Therefoie, any decrease in the surface area of fine |
: ) o .

powders due to a physically preadsorbed layer is attributed to the'blocking
of.large cavities‘which originally contribﬁted fo thé'surface aﬁea.A This
was demonstrated to be the case by Holmes-and Beebe'l who fognd that the
thermal drift, or slow heat evolution, observed on a bare surface: of
bone mineral and atbtributed to narrOW‘poreé, was absént for the vater-

. covered or methenol-covered surface, Tor the non-pqrbus Tiogj the pread-
sorption of the large stearic acld molecule seeméd to have no effect on
its surface area (within the accuracy of this value, *5%) since the type

3 of defects believed present on the surface do not make é significant

contribution (< 5%) to the surface area, The surface area of both bare

and uncoated. Tiogtwas found to be 6.66%,33.

HEATS‘OF ADSORPTION FOR TiO, - Né SYSTEM

2
The shape of‘the heat of adsorptlon curves for the TiOQ-Né system as

B I R R T A

e - a function of the number of moles adsorbed is well known to be a decreasing
furction as'the number of moles adsorbed increases and is shown in Fig. 7.
Kington and As‘corf""'7 found that the differential heat of adsorption.(AHi)

for the first increment of nitrogen admitted to the surface was about
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1Kca1"~

" 5.2 7o .'The heéﬁ-tﬁén{showed éurapid;decfeéSe.énd reached & value
of about 1.8 ﬁgil (AP' ) at he‘mbﬁoiayer.'fDrain.and Mofmrisonl8 found
the QLf;ereﬁt;al heat of adso (1nit1al> blbejabout 6 igii and
‘about 1,9 Keal t the monolayer. A comparlson between their results

mole
and uha? of this work is.summarized in Table I.

y -

Table It 'dbmbarlson Between the Heat of Adsorption Results
’ " for the TiO.-N, System Between this Work and Other

. Workers &2 o : 4 l
' ' Keal, : Xeal
Workers . ‘
rorers . i(mole)' AHnm (ﬂole> S
Kington and Ashton: . 5.2 - 1.3 e
Drain and Morrison ~ ¢ - 6.0 T ,
This work o 5.0 Ty

i

The heats of adsorptlon were calculated from +the adso“ptlon isothe*ms o

(r;gs. 5 and 6) by use of -an equatlon of Clausius- Clapeyron type. The

_error on heats caleulated by the use of this equatlon can be shovn %o be

cal -19

mole® waever, this should be looked upon.as a lower limit.

abouu *15

around the

1 The points will usually have a larger scatter than ~l5 mole

 smooth curve conrecting each point up to a monolayer coverage and above.

cal
moie

' Iﬁ the préssure range qf the measurements made, a scatter of %50
is believed to be a reasonable error. It would be interesting to compare:
thege experimental AHi's to a theo?étical'calculamionAwhich would include .
a)l the important forces.between adsorbed molgcules and the adsorbent
surface (dispersion, polarization, etc.). However; {he oécurrence of
corners, edges and irregularities makes such an ideal approach strictly

. : . 20 ., X
incorreet. Drain and Morrison  point out that roughly 10% of the surface
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atoms areﬂét,edges.andybornersv There aré,'iﬁ additioﬁ, several crystal
faces possible. Tne (110) and (lOO) are those planes for which cleavage
is possible21 and'are'beiieved to be the most'dominant for rutile in
powderzfqrm.7 The eiectrostatic contribufién to'tﬁe heat of adsorption
shouid-be quite large in the case ofATiOQ. This fact has been verified
by the careful work’of'Mbrrison'and Drainla which led fhem to the con-
clusion thatTthe'noﬁuniformity in the observed heat of adsorption of

T102 is a resulf_of the heterbgeneity of.electrical‘forceskrather‘thén

6f dispersién forces. Any change then in the heat of adsorption‘wiﬁh a
'preadsorbed fatty acid is due to the dielectric proﬁerty of the écfd’which
" will Tower the magnitude of the electric field.éman@ting from the surface.

Iﬁ is suggested here then that the observed change in the heat of

adsorption as a function of the preadsorbed acid is caused by a lowering -

of the electric field gradient. This wili reduce the force of attraction

‘between the surface and the adsorbate and, hence, result in a lower heat
‘ ) )

4

of adsorption. Measurements were made on the heat of adsorption of Né

on a barevTiO2 surface; on'TiO2 plué <19 layer of stearic acld, .51 layer

and .71 layer. The preadsorpbion of .19 layer of stearic acid reduces the

heterogeneity of the surface and removes sites with heats of 3.78 %%%%

or greater (Fig. 7). At .51 layer a small change is observed, and only

sifes with heats of 3,53 %%%% or less are left. No change was observed

with additional stearic acid coverage. The shape of thie curves remains

the same. This change of 1.51 ég%% is Independent of lateral interac-
. 5 :

tions since initially they can be neglected. teele and Aston” performed

a2

similar experiment on the heat of adsorption of He on ’I‘iO2 covered

with various amounts of argon up to a monolayer. It was found that after:

et o s e
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.60 of a Monolayer of argon the differential heat of adsorption remained
‘unchar 1ged with coverage. 'This value compares well with the .51 value

)

observed‘in this study;f- eele and Aston conclude that the heat of

adsorptlon at very low coverages is due to many-smdea sites . (that is,

m1cvoscoolc defects) whlch make a negllglole contribuulon to surface area.

" This is in agreemenu w1th che fact thet the surface area of TJ.O2 does

not.change'With preadsorbed stearic acid. The presence of many-sided
sites will definitely influence the surface field gradient and hence

: K {
"the force of attraction.between the surface and the bulk gas. Thenefore,

"the;cdnclusicn'of'Drain and-Mbrrisohl8 does not conf flict with that of St eele ana

5 ' S e

'Aston. Indeed, they complement each other.

The total or net integral exneV1mental heats calculated up to a
' monolajer (Q) are tabulated 1n Table II as a function of the *raCulon of
surface covered with the preadsorbate for both the perpendicular and

- pafallel orientation, elf 8. The heats QB.E'T‘AcalCulated from the

constant C of the B.E.T. equaticn‘are'also,reported. The fact that net
"heats .as calculated from the B.E.T. parameter C are smaller than the
measured is a good indication.thet,the measured heats are reasonable.
Brunauer22 mentioné that the B.E.T. heats can be‘even smaller than 50%
of the measured value. '

This total heat of adsorption up to the monoiayer consists of a part
"due to the lOW'energy sites (sites at the homogeneous part of the surface)
plus uhe excess attributed to the heterogeneity and the sum of uhe lateral
:interacticns up to the monolayef. The sum of the laﬁeral interactions

5

will be taken to be aﬁproximately equal to.the heat of .condensation.

This is of course an upper limit to its value, but for the T1i0,-N, systen

et e
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Table II: Summery of Data for Ti0,, N, Cas

2
¢ (Sfi%> Gy (5ED n(EE o %
] | on o
53480 25.28 28.5é ) 0% 0%
36.53 '.:25.28 11.25 55.5% 18.9%
26.91 - EETR T 9.5%  5L.3%
26,90 1.7 759 3.0 L3

T -

L

thisAis a reasonabie choice (Table I);. Thereforg, the totai méasure@
net heat of adsorptibﬁ [total>heat (experimental) - Eeat of condénsation],
Q is equal fo the net heat of adsorption on the homogeneous part of the
surface as calculated by the B.E.T. constant C<QB.E.T.) plus the ﬁet

heat due to the heterogeneiﬁy (EN) of the surface. The contribution to
"the total heat of adsdrption by'the'heterogeneity of-the surface should
be progressively decreaséd by the preadsorbate until it is very smell or
even zero. This will, of course,ldepend on the effectiveness of the
preadsorbate and on the nature of the surface. Both § and QB.E.T.

are plotted versué 9“ in Fig. 87 Obviously, the change of @ with GH is
related to the distribution of energy on the surface. A method based on

25

the eaflier theoretical work of Girifaleco ~ has been de#eloped by which the
- distribution of surface energies with respect to the avérage surface energy
of the bare pOwdér can be obtained from a knowledge of,this.variation of
@ with the fraction of the surface covered with acld. This method will

be presented in e later paper, and will be applied to the data obtained

on the TiOE—Né system and to the BaSOA-Né sysfem as well.
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CONCLUSIONS

The decrease in the net heat of adsorption as a function of the
fraction of the surface. covered with stearic acid in the parallel
orientation (Fiv,‘8) suggests that the adsorption energy is distributed
' : s o e ok
over a ‘large fraction of the surface. Honig and Reyerson in a study
of the adsorption of oxygen, argon and nitrogen on rutile found that
the distribution of adsorption energies for nitrogen was very nearly -

uniform over a large range of energy values also. Tne fact that the

contribution from the surface heterogeneity is not eliminated stre?éthens'

V thg'cqnclusion ovarain and MbrrisonlBregarding'the nonuniformity_éf

T102 as the result of t?eiheterogeneify'in elecfricdl‘forces. A féﬁty
gcid should be moderateiy successful in-elimineting any nonunifdriity.
caused by lafge éa&ities; but could‘only reduce -a nonuniformity céused

by heterogeneous electrical forces on the surface. In the casc of the

'TiO2

trostatic forces on the surface which are caused by the presence of sharp

points and many sided sites as postulated by Astonvet‘al.25 Such defects meke

a negligible contribution to the total surface area, and this is the
reason for the fact that the surface‘érea of TiO2 was indeed constant
with coverage.

Finally, the fact ﬁhat the observed heat of adsorption remained
constant after appréximately 50% coverage is ip good agreement with
tha? of'SteeiEand’Aston;5 ahd therefore it seems thet 50% of the surféce
of Ti0, is heterogeneous. The relaéive distribution of energy in this

<

reterogeneous region will be the subject of a later paper.

_surface the observed heterogeneity is probably due to differing elec-

e m ma—r
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. FIGURE CAPTIONS

The heat of wetting of lead chromate as-a function of
preadsorbéd'étearic acid.

The heat of wetting of lead chromate as a function of the

© amount of preadsorbed perfluorodecanoic acid.

-The heat of wetting of aluminum oxide as a function of the

- adsorbed stearic azcid as parameter at T7.5°K.

amount of preadsorbed stearic acid. “

Heat of wetting of lead chromate as a function of preadsorbed

. perfluorddecanoic acid and stearic acid in the parallell

orientation.
. i

Adsdrption isotherm of niurogeh with the:ffaction of'the pre-

i

Adsorption isotherms of nitrogen with the fraction of the

preadsorbed stearic acid as parameter at 90.2°K.

Isosteric heat of adsorption of nitrogenfversus moles adsorbed

with the fraction of the surface covered with stearic acid

as parameter. .. .- _ S : ' : —

DHg - heat of cbndensation

N, - monolayer coverage

M

The net experimental heat and. the net B.E.T. heat as a

function of 8, for TiO..
| 2
_ | |
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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

B. 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. i

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.






