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THE EFFECT OF PREADSOR.BED STEARIC ACID 
ON THE ADSORPTIVE PROPERTES OF Ti02 (RUTILE): PART I 

t 
J. M. Morabito, Jr. , 

University of Pennsylvania, Philadelphia, P~., 
:! 
" 

P. F. Duby 
Colwnbia University, New' York City, N. Y., 

L. A. Girifalco 
University of Pennsylvania, Philadelphia, Pa. 

ABSTRACT 
,t 

I 
, Nitrogen adsorption isotherms on Ti02 (rutile) coated with various 

amou.'1ts of stearic acid were determined, and the cl)ange in the net heat 

of adsorption of nitrogen integrated up to a monolayer was calculated 

as a function of the fraction of surface covered with acid. The;orienta-

tion of the long chain fatty acid is believed to be parallel to the 

surface rather than perpendicular and experimental evidence for this 

fact is presented. After approximately 50% of surface coverage, 

the net heat of adsorption'W'as found to be constant... This is in excellent 

agreement with the wO.rk of Steele and Aston. The magnitude of this 

change in the net heat of adsorption suggests a rather uniform distribution 

of energies on the surface of Ti02• This fact and the fact that the 

surface area of Ti02 did not change after coverage can be interpreted 

by the presence of sharp points,and many sided sites on the surface of 

Ti02 as postulated by Aston. 

t Present Affiliation: Inorganic Naterials Research Division, Lmlrence 
Radiation Laboratory, Berl<:eleYJ California 
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INTRODUCTION 

The adsorption potential for the adsorbate of a finely divided powder 
I 

i'slmown to decrease due to the presence of a preadsorbed material ,such 

as chemisorbed methanol or water. l , The preadsorbate screens the surface 

ions) and this results in the lOi~eTing of the potential field emanating 

from the surface which reduces the force of attraction between the ad-

sorbent and adsorbate.. The additional effect of the preadsorbate on the 

surface area of the powde:t as measured by the B~E.T. e<luation has been 

2-4 reported by several w'orl\:ers; the corresponding change in the B.E. T. 

C parameter) and hence in the net heat of adsorption (El-EL) ,have also 

been reported) along with the change in the measured isosteric heat. l 

If progressive amounts of a preadsorbate are added to the adsorbent 

up to the amount needed to completely cover the surface of the adsorbent 

vrith a monolayer of preadsorbate, the change in the measured net heat 

of adsorption (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 this heterogeneity (cracks, sharp points, 

cavities) etc.). 
. 5 

Tnis approach has been attempted by Steele and Aston. 

Results for the differential heat of adsorption of helium on a surface of· 
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titanium dioxide (rutile) covered w·ith increa.·sing amounts of argon showed 

that after '6/10 of a monolayer of· argon the·· differential heat of adsorption 

remained constant. Sixty percent of ruti~e: is therefore energetically 

hetero&~neous, the remaining sites being app~oximatelY of equal~alue. 

Preliminary measurements by L.· A. Girifalco 
6 

on the -heat of 1'Jetting 

of fine powde'rs as a function of preadsorbed long chain fatty acids in.., 

dicated that' they have·a considerable effect on the heat evolved in the 

wetting process. Therefore, the progressiv~ coating of the surface .with 

a fatty acid followed by the adsorption of nitrogen at 77.5°K· and 90.2°K 
: , 

should reveal interesting. information on both the nature and extent of its 

heterogenei ty~ The orientatiori of these long chain fatty acid molecules, ' 
: . . 

and the packing of these·, molecules on the surface. of the powder vlhen 

adsorbed from the vapor phase is also an interesting question vlhicn 

requires further'experimental clarification. This is the first a~tempt 

to correlate the preadsorption of a long chain fatty acid and the .subse-

quent adsorption of a gas w·ith the heterogeneous nature of the adsorbent. 

EXPERD'IENTAL 

Ad.sorbent: The adsorption measurements "rere made on Ti02 (rutile) of 

reagent grade.· The samples used assayed 99.45% in purity. The largest 

percentage of impurity w·as reported to be water soluble salts. The surface 

areas of the powders in the bare and .coated conditions w·ere calculated 

by use of the B.E.T. equation and equai to 6.66 m2jgm with a pr~cision 

of ±5%. 

, . 

TiO is non-porous and hysteresis of the isotherm was not observed. 
2 

Tne initial measurements on the bare powder were made· after the powder had. 

heated for one week· at 600°C in an alumina crucible at atmospheric pressure. 

This procedure vras found to be a'sufficienf-.surface p);,eparation and the 
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results obtained were completely reproducible to within .7% which is 

l~i thin the experimental error of the amount adsorbed. However it doe s 

not remove all the irreversibly adsorbed water. Dawson7 carried out 

experiments to determine the effect of degassing time on the adsorption 

capacity of rutile. In our study as in his the choice of degassing 

time ,vas arbitrary. Since the bare powder was to be progressively coated 

\~ith stearic acid, a systematic procedure prior to each preadsorption was 

adopted to insure that the remaining bare surface was in the same c,ondition 

prior to the adsorption measurements which follovred. This procedure 
, I 

will be outlined in a latter section of this paper. 

i 
Adsorbates: Nitrogen and helium,which was used for the dead space 

measurements, w'as of the highest commerci~.i purity available (dry), and 

i 
were further purified by the use of two cold traps wnich removed any 

impurities of a higher boiling point. 

The preadsorbate was stearic acid (C18I)602) obtained from the Fisher 

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

in the perpendicular or parallel ,orientation is known;8,9 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 vlhich coats glass beads with a waxy film making it 'ideal for this 

Its 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 

acid previously adsorbeda The fact that the sample could be used for 

* The glass beads were used to transfer the stearic acid to the salnple. 



each increase in surface coverage, and not a new sample for each coverage, 

makes the objections of the research more meaningful. It is never pas sible 

to say that even powders from the same bottle which have received what 

appears to be the same preparation (degassing, heating, etc.) have the 

same surface characteristics; therefore the same sample should be used 

after each coating. 

Since after each coating we are interested in the heats of adsorption 

from the bare part of the surface remaining and the combination (sample + 

stearic acid), the absolute magnitude of the heat of adsorption between 

the adsorbate and preadsorbate must not be known~ This value should be ' 

zero (or very small), and within the limits of the Clausius-Clapeyron ' 

equation used to calculate this heat, the value for stearic acid-N2 was 

2 
found to be 0 ± 1 erg/cm. The reproducibility of these measurements 

vms difficult. It is believed that a solutioning of the adsorbate 

occurred since a much longer time to attain the equilibrium pressure was 

observed. Furthermore, a systematic degassing procedure is difficult· for 

stearic acid since at low pressures (10-
6 rom Hg) it will vaporize. De-

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

APPARATUS 

The adsorption measurements were performed with a standard volumetric' 

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

precision cathetometer to ± 500 em. The dead space was measured by the 

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

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

(nitrogen) by the eqtlation of Dadge and Davis. 10 The temperature. was found 

to be constant during the entire experiment and equal to 77.5°K for liquid 
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1\T d 90.2'bK ~'2 an The temper~ture must be constant to 

,,,Uhin ±. 04 °c to };:eep the relative error on the equilibrium pressure 

(as measured by the manometer) down to ±.2% •. Boiling liquids maintained 

at a coystant external pressure maintain their respective boiling point 

temperatures to within' ±.004°c. T'ne level of the liquid bath vias main-

tained constant by a constant-level device. All pressures recorded beloTtr 

3 rom Hg vlere corrected for thermal transpiration error by an equation due 

. L' 11 'Co ~ang. 

PREPARATION OF POWDERS CONTAINING PREADSORBA~. 

Prior to each coating the sample which received the initial treatment 

is degassed for five hours at 10-7 mm Hg and 77.5°K.: The sample :celi 

~~der vacuum is then removed from the system and placed in a dry box. 

T'ne dry box has an H2-Ar atmosphere. A glass bead containing a knbwn 

weight or preadsorbateis then placed on the powder which is shaken several 

times to insure that the bead is well surrounded by powder. The pOvlder 
\ 

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

removed by opening the cell to the static vacuum. 1'hc powde:1.' nnd bend 

-4 . 
are· then degassed again for one hour at 10 mm Hg and 77.5°K, followed 

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

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

and that no foreign gases adsorb on the Ti02 prior to placing the pO'dder 

in an oil bath for equilibration. At no time did the pressure increase. 

Equilibration is done under vacuum (10-1 mm Hg) to prevent.any leakage 

into the cell from the atmosphere which would adsorb and change the surface. 

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 cell .is then placed 
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on the sys,tem and held 'at 77.5°K for one hour to insure that any stearic 

acid still in' the vapoX: phase adsorbs. The' co I'd bath is then removed, 
.. ; 

and the sampie is opened to the static vapuUin 'of the system. The sample 

is the:q.! checked again' to be sure that every,thing is exactly the same as 

conditions prior,to,the e9..uilibration. The cold bath is then returned 

'. ' '. ','," " , ;-6 
and the. newly coated sample degassed for a few hours at 10 rom Hg. The 

adsorption mel:j.surem;ent ':follows.. This techni9..ue is tedious, but it was 

found to be.:conipleteiy successful .. 

" , 

FRACTION OF SURFACE COVERED WITH PREAnSORBATE AND THE ORIENTATION OF 
THESE, MOLECULES . , I 

: Three assUmptions can be made for the' cross:-sectional area per 
" \ 

molecule of preadsorhate: 

1. The molecUle can be assumed to be' standing upright with its 

carboxyl group at the surface. Each molecule· then occupies an ar~a equal 

to the area it woul~ occupy ina close-packed'film. The area is then 
02 . 8 

20.5 A per molecule. 

. 2. ' The major axis of the molecule could be parallel to the surface. 

, The molecule would now' occupy. an area of u4 12 per mOle:cule. 9 

3. A .mixture ot the parallel and perpendicular orientation is 
, , 

also possible. The area occupied in this orientation is unknown. . . 

The preliminary measurements by Girifalco who used a similar coating 

techni9..ue 13eems to indicate that the molecules are oriented "parallel" 

to the surface. His measurements "rere made by a prec ision calorimeter 

6 
, of high temperature sensitivity. Girifalco performed measurements on 

,the heat of wetting 
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where 

- 2 
ESt = average energy of sOlid-liquid interface per cm 

€s(o) total of bare solid surface 
2 = average energy I'er cm 

:! 

as a function of the amount of preadsorbed material for both lead chromate 

and aluminum ,oxide. Both stearic, and perfluorodecanoic acid were pre-

adsorbed on lead chromate.. In the case of aluminum oxide, only one 

preadsorbate w'as used (stearic acid). The data obtained can be analyzed 

in the following "-tray. 

: I 
For stearic acid the perpendicular orientation results in. a value 

., ··'-4 
. of 2.31XlO. mg of ,stearic acid per 2 em of surface nreded for monolayer 

coverage. The parallel orientation results in :417XIO-4 mg per cm2 of 

surface for complete coverage. As "-tIe progressively cover the bare surface 
I 

w'ith -the preadsorbate, the heat of "-tretting will decrease. When coverage 

is complete, the heat of w'etting should be a constant. Thi s coverage will 

be assumed to correspond to the monolayer. The results obtained by 

Girifalco are shown in graphical form in Figs... 1, 2, 3, and 4. Tne scatter 

of the data is relativelY large; and this, of course complicates any 

definite conclusions; however, an attempt will be made hereto justify 

the parallel type of orientation. The. error w'ill be taken as the difference 

between the two measured heats of wetting at zero coverage as shown on 

the graphs. 

In Fig. 1 I·re will draw' three constant line s (I, 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. ell and e1 correspond to monolayer 

coverage for the parallel and perpendicular orientation respectively. 
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Both the, upper extrepIe' and the ave~age value. imply that the long chain 

. is parallel to the surface. How'ever, the lOi-rer extreme implies that the, 

perpendicular orientation is the more reasonable. Tnerefore, from these 

data a16ne no definite conclusion is possible.. If the orientation is 

perpendicular, the adsorption of another fatty acid should ;result in the 

same value for the monolayer coverage since it is thec'arboxyl group 

'vhich ,deterniines' the area occupied by the fatty acid... Perfluorodecanoic 

acid (C
9

F
19

COOH) contains approximately half the number of carbon atoms 

as does stearic acid. (C17l)5COOH) and, hence, in the, parallel orienfation 

" will cover about half· as much are,a as stearic acid in the same' orientation~ 

'vle can use anyone of the three' constant lines as a ~eference for this 

comparison, but the average value (II) is ,the most reasonable and will 

be used. In Fig. 1 we see that a constant heat of vretting occ,urs 'at 

'-4 2 ' , 
approximately ... 85xlO mg of stearic acid per c,m of PbCr04 and from 

~4 ' 2 
Fig .. 2 at L86xIO mg of perfluorodecanoic per cm of PbCr04. The ratio' 

of these t-r"ro values is approximately 2. If the ,orientation of the tvro 

fatty acids vrere perpendicular} the ratio would be 1.. Therefore, vre con

'cludethat vrithin the pr.ecision and error of the heat of 'W'etting data for' , 
, 

FoCr04 that the preadsorbate is oriented parallel to the surface. 

" , :In Fig~ 3 :we see', that all three constant lines imply that the ori'entation 

is parallel. The perpendicular orientation leads to too high a value 

(81) for all three constant lines; the data reach the constant values of 

_l~ 2 
the three lines significantly belov/' 2.3lXIO' mg per em .. ,.' The average 

. -4 .. 2.&> for all three is .5XIO mg stearlc aCld per cm sur~ace which compares 
4 . 2 

, <lui te ,·tell to • 417X10 - mg stearic acici. per cm' sUrface for the parallel 

orientation. 
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Finally, Girifalco found that heat of w'etting curves for PbCr04 

versus both stearic acid and perfluorodecanoic acid differed considerably. 

This method of calculat~on was such that the results should be independent. 

\\1hen the results are plotted assuming the parallel orientationJ they do 

superimpose within the error of the experimental data. This is shown 

in Fig .. 4. 

In addition, the earlier theoretical work of De Boer12 who presents 

some interesting considerations on the orientation of fatty acids on 

solid surfaces in terms of two dimensional condensation phenomena supports , 
this conclusio~ De Boer emphasizes tbat at low' temperatures condensation 

in the perpendicular position is very difficult. Th~ more recent theQreti

cal contribution of Rubin13 further strengthens the parallel orientation. 
I , 

Hm·/ever, it must be understood that the completely "parallel" orientation 

is a highly idealized condition. Entropy considerations would probably 

result in a sine wave type of coverage, that is, par~s of the long chain 

molecule not in direct contact with the surface. This effect should 

decrease with increasing surface uniformity, that is, a smooth, even 

surface. At low' coverage this idealized condition is more reasonable 

of course,_ 

REi~UL'I'S fu"IJD DISCUSSION 

Nitroeen Isotherms. Adsorption isotherms of N2 on both bare and coated 

Ti02 w'ere dete.rmined at 77. 5°Kand 90 .. 2 OK. Typical results are shown 

in Fig. 5 and Fig .. 6) where 81 is the fraction of surface covered with 

pre adsorbate calculated by assuming the perpendicular orientation; and 

8
11 

is the fraction of surface covered ,'lith preadsorbate assumed in the 

parallel orientation. Tne volume of gas adsorbed is easily calculated 
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. from pressUre measUrem~'nts taken 'during<:th~' exp~riment 'by a mercury 
, . - . 

TILqnometer.· Equilibrium pressures were measUred from 10.to 20 min after' 

dosing the sample .... The curves shown are examples of Type 'II) or sigmoid 

isotherms. 
:! 

The amount adsorbed at low' pressures is .large) foUovred by a 
., 

linear portion where the rate of:change in the amount adsorbed is small; 

and finally at the equilibrium vapor pressure theamourit adsorbed approaches 

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

. < The da~a obtained gave consistent and smooth curves) indicating that 

the. experimental procedure is satisfactory; that is) the data were ~om-
: ,. 

pl~.tely reproducible' within the error .inherent in the measured parameters' 

(pr~ssU:re) volume) temperature). In Figs. 5 and 6 it is apparent that the 
I 

preadsorbate (stearic acid) has caused a decrease in t.he amount of nitrogen. 

physically adsorbed at any given pressure) and in particular) the·"knee 

bend" in the vicinity of the monolayer is noticeably reduced. This reduc-

tion has its principal effect 'on the C parameter of the B.E.T. equation. 

A decrease in C is indicative of a lower "net heat" of adsorption) namely, 

. the heat of adsorption of the first layer minus the heat of condensation 

(E
l 

-E
L

). It is apparent that the interaction of nitrogen with the 

combination substrate (Ti02 ) and stearic acid is weaker than its ·interaction 

vrith the clean surface since the amount adsorbed after coverage is smaJ.ler .. 

In general, the effect of the stearic acid on the isotherms is quite 

. 1 
similar to. that de.scribed by Holmes and Beebe.< This low'ering of the 

t 
1)3')4. 

isotherm has bee:o. repor ed by several workers. . 

The isotherm data of. Fig. 5 gave good straight lines ."hen plotted_ 

using the linear form of the B.E.T. e qua".; ion. 
:14 Emmett points out that 

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

mea.surement of the surface area of solids provided that there is no 
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b1ocki...'1g of the adsorbent I spores.' There'~ are, how'ever, numerous indica

tions in theliteratur~ that 'exceptions do exist .. i5 ,16' Tne preadsorption 

of the large stearic ac.id molecule should change the surface area of fine 

pO'l~der~ which are either very porous or contain large numbers of macro-

scopic defects} such as'cracks and cavities.. Another possible reason for 

any diminution in surface area is a ,less condensed packing of the nitrogen 

molecules on the fatty: acid surface. This, is only a possibility when the 

preadsorbed acid creates a more heterogeneous surface 'which is rath,er 

unreasonable. Therefore j any decrease in the surface area of fine f 

I 
pO'Ivders due' to a physically preadsorbed layer is attributed to the blocking 

of large cavities 'Which originally contributed to the surface area.. This 

'Was demonstrated to be the case by Holmes and Beebel who found that the 

thermal drift, or'slow' heat evolution, observed on a bare surface; of 

bone mineral and attributed to narrow' pores j w'as absent for the viater-

covered or methanol-covered surface. For the non-po,rous Ti02 , the pread

sorption of the large stearic acid molecule seemed to have no effect on 

its surface area (within the accuracy of this value, ±570) since the type 

of defects believed present on the surface do not make a significant 

contribution (~ 5%) to the surface area. Tne surface area of both bare 

and uncoated Ti02 'Was found to be 6.66±.33 .. 

HEATS OF ADSORPTION FOR Ti02 - N2 SYSTEM 

Tne shape of the heat of adsorption curves for the Ti0
2

-N2 system as 

a function of the number of moles adsorbed is well known to bea decreasing 

function as the number of moles adsorbed increases and is shown in Fig. 7. 

Kington and Aston
17 

found that the differential heat of adsorption (6.1Ii ) 

foX' the 'first increment of nitrogen admitted to the surface was about 
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5.2 Kcal • I: The heat tnen shOived a rapid decrease and reached a value . mole ,~ 

. kcl :)" ~ 
of about 1.8 mole (6Hnm at the monolayer. Drain and Morrison found 

the differential heat of adsorption (initial) to be' about 6 Kcal and 
mole 

. . Kcal 
aoout l::?: mole at the monolayer. A comparison bet1"een their results 

and that of this work is summarized in Table I. 

1-

Table I:Coni.parison Bet"vreen the Heat of Adsorption Resu.lts 
for: the Ti02 -N

2 
System Betw'een this \\Tork and Other 

Workers' . 

\vOl"kers .6H. (Kcal) .6..."9:n 
(Kcal) 

l. mole m mole -( 

Kington and Ashton' 5.2 1.8 

Drain and Morrison 6 .. 0 1.9 

This work 5.0 ' 1.7 

The heats of adsorption w'ere calculated from the adsorption isotherms 

(Figs. 5 and 6) by use of-an equation of Clausius-Clapeyron type. Tne 

error 

about 

on heats calculated by the use of this equation can be shOvln to be 

±15 ~.19: HOi-rever. this should be looked upon as a Im,rer limit. 
mole ' 

The points .. rill usually have a larger scatter than ±15 call around the _ mo e 

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

cal 
In the pressure range of the measurements made) a scatter of ±50 ---~mOLe 

is believed to be a reasonable error. It would be interesting to compare 

these experimental .6H. r s to a theoretical calculation which would i...'1clude 
. l. 

all the important forces between adsorbed molecules and the adsorbent 

surface (dispersion, polarization, etc.). How'ever, the occurrence of 

corners, edges and irregularities makes such an ideal approach strictly 

incorrect. Drain and ¥~rrison20point out that roughly 10% of the surface 

..... 

. ,i. 

" I,· 

.J 

t 
I , 
I 
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" atoms are ?-t ed.ges and' corners., Tnere are, in addition, several crystal 

-_Pac'" s no "It:> ~ ..:' SSlO ~. Tne( 110) and (100) are those planes for \'rhich cleavage 
21 

is possible and are believed to be the most 'dominant for rutile in 

pmvder form. 7 The electrostatic contribution to the heat of adsorption 

should be quite large in the case of Ti02" This fact has been verified 
. 18 

by the careful work of 'Morrison and Drain.... which led them to the con-

clusion that·the nonuniformity in the observed heat of adsorption of 

Ti02 is a rE?sult of the heterogeneity of electrical forces l'ather than 

of dispel'sion forces. Any change then in. the heat of adsorption vIi th a 

b . t -P h ..1 ,., 
p:r~adsor ed fatty acid is due to the dlelectric propel' y oJ. t e aCld wnlcn 

will lower the magnitude of the electric field. eman~ting f:rom the surface. 

It is suggested he:re then that the observed change in the heat of 

adsorption as a function of the preadsol'bed acid is caused by a l~'Ivering 

of the electric field gradient. This will l'educe the fo:rce of attraction 

betw'een the surface and t11e adsorbate and, hence, result. in a lower heat 

of adsorption.. Measurements were made on the heat of adso:rption of N2 

on a bare Ti02 surface, on Ti02 plus .19 laye:r of stearic acid, .51 layer 

and .71 laye:r. The pl'eadsorption of .19 1aye:r of stearic acid reduces the 

heterogeneity of the surface and l'emoves sites with heats o:f 3.78 ~cal mole 

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

Kcal sites 'I<lith heats of 3.53--1- or less are left. No change viaS observed . mo e 

vlith additional stearic acid covel'age. The shape of the curves remains 

the same. 
Kcal This change of 1.51 mole is independent of lateral interac-

tions since initially they can be neglected. Steele and Aston5 performed 

a sil-~lar experiment ·on the heat of adsorption of He on Ti02 cove:red 

"lith various amounts of argon up to a monolayer. It was found that e.fter 
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~ 60 of a rilonolayerof argon· the differential. heat of adsorption remained 

f~ : 

·U:.'1ch.?nged with coverage. This value compares w·ell vrith the. 51 value 

observed in this study~· . Steele and Astori5·coilclude· that the heat of 
.j . 

adsorption at very 10'\v coverages is due to many-sided sites'. (that is, 

microscopic· defects) which make a ne·gligible contribution to surface area • 

This is in. agreement"· w·i th the fact that the surface ar~a of Ti02 does 

not. change 'i'lith pre adsorbed stearic acid. Tne presence of many-side.d 

sites will definitely influence the surface field gradient and hence 
. ( 

the force of attraction>betvreen the surface and the bulk gas. The:qefore, 

,.. the. conclusion of Drain and Morrison18 does not .conflict with that of Steele and 
:' ~ 

t· 

Aston. 5 Indeed, they complement each other. 

The total or net integral experimental heats calculated up to a 

monolayer (Q) are tabulated in Table II as a function of the fraction of 

surface covered ,vi th the preadsorbate for both the perpendicular and 

parallel oTientation, 81: 8
11

• The heats ~.E. T. calculated from the 

constant C of the B.E~T. equation are also.reported. The fact that net 

.. heats as calculated from the B.E.T. parameter Care ·smaller than the 

., I' 

, .. 

measured is a good indication that the measured heats are reasonable. 

22 
Brunauer mentions that the B.E.T. heats can be even smaller than 50% 

of the measured value. 

This total heat of adsorption up to the monolayer consists of a part 

. due to the low' energy 8i tes (site s at the homogeneous part of the surface) 

plus the excess attributed to the heteTogeneity ~~d the sum of the lateral 

interactions up to ·the monolayer. The sum of the lateral interactions 

.. rill be taken to be approximately equal to the heat of ·condensation. 

This is of course an upper liIT.Qt to its value, but for the Ti0
2

-N2 system 
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.. this is a reasonable choice (Table I).. 'I"nerefore} the total measured 
.. i 

net heat of adsorption [total heat (experimental) - heat of condensation]} 

Q is equal to the net heat of adsorption on the homogeneous part of the 

surface as calculated by the B.E.T. constant C(~.E.T.) plus the ~et 

heat due to the heterogeneity (EN) of the surface. The contribution to 

the total heat of adsorption by the heterogeneity of· the surface should 

be progressively decreased by the preadsorbate until it 'is very small OT 

even zero. This "rill} of course} depend on the effectiveness of the 

preadsorbate and on the nature of the sUTface. Both Q and ~.E.T. 

are plotted versus 8
1
/ in Fig. 8~ Obviously ... the change of Q with 8

11 
is 

related to the distribution of energy on the surface. A method based on 

the ea;lier theoretical 'mrk of Girifalco 23 has been developed by which the 

distribution of surface energies with respect to the average surface energy 

of the bare powder can be obtained from a know·ledge of ,this variation of 

Q with the fraction of the surface covered with acid. This method will 

be presented in a later paper ... and \·rill be applied to the data obtained 

on the Ti02 -N2 system and to the BaS04 -N2 system as well. 
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CONCLUSIONS 

TIle decrease in the net heat of adsorption as a function of the 

fraction of the surfa'ce, covered with stearic acid in the parallel 

orientation (Fig.,' 8) suggests that the adsorption energy is distributed 

over a 'large' fraction of the surface. 
24 

Honig and Reyerson in a study 

of the adsorption of'0:lfygen, argon and nitrogen on rutile found that 

the distribution of' adsorption energies for nitrogen w'as very nearly 

Q~iform over a large range of energy values also. Tne fact that the 

contribution from, the surface heterogeneity is notC:!liminated st~e~gthens 

the 'conclusion of Drain and Morrison
18

regarding the nonuniformityof 

Ti0
2 

as the result of the' heterogeneity in electric~l, forces. A fatty 

acid should be moderately successful in,eliminating any nonuniformity , 

caused by large cavities, but could only reduce ,a nonuniformity caused 

by heterogeneous electrical forces on the surface. L~ the cas(: of the 

'Ti0
2 

surface ,the. observed heterogeneity is probably 9.ue, to differing elec~ 

trostatic forces on the surface which are caused by the prese,nce of sharp 

points and ~any sided sites as postulated by Aston. et 'al.25 Such defects ma}~e 

a negligible contribution to the total surface area) and this is the 

reason for the fact that the surface' area of Ti02 vms indeed constant 

l'ri th coverage. 

Finally, the fact that the observed heat of adsorption remaL~ed 

constant after approximately 50% coverage is in good agreement l~ith 
, . 5 

t118.t of SteeJe and Aston, and therefore, it seems that 50% of the surface 

of 1'i02 is heterogeneous. Tne relative distribution of energy in this 

!:ctc~'ogeneous region vlill oe the subject of a later-paper •. 
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FIGURE CAPTIONS 

The heat of wetting of lead chromate asa function of , 
:', : 

preadsorbed'stearic acid. 

The,heat'ofwetting of lead chromate as a function of the 

amount of preadsorbed p~rfluorodecanoic acid. 

,The heat of' wetting of alu,~inum oxide as a function of the 

~mount of preadsorbed stearic acid. 
( , 

Heat of wetting o:f lead chromate as a function of preads,orbed 

perfluorodecanoic acid and stearic acid in the parallel! 

orientation_ 

Adsorption isotherm of nitrogen ",ith the fraction of t1:).e pre-
, ' 

adsorbed stearic acid as parameter at 77.5°K. 

Adsorption isotherms of nitrogen w'ith the fraction of the 

preadsorbed stearic acid as parameter at 90.2°K. 

Isosteric heat of adsorption of nitrogen'versus moles adsorbed 

with the fraction of the surface covered with stearic acid 

as parameter. 

6HS - heat of c'ondensation 

NM - monolayer coverage 

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

function of ell for Ti02 -
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