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Adsorption isotherm studies of methyl chloride on MgO
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The wetting properties of methyl chlorid€H;Cl) on MgO (100 surfaces have been investigated between
132 and 180 K using high-resolution adsorption isotherms. At low temperatures only one adsorption step is
observed. At higher temperatures, i8> 158.9 K, a second isotherm step appears, signaling the presence of
a layering transition. Unlike adsorption behavior on graphite, however, there is no evidence of a low-to-high-
density transition in the monolayer phase. In addition to the layering properties, the isothermal compressibility
and isosteric heat of adsorption of the adsorbed films are calculated.

INTRODUCTION capillary was a few crh(depending on the exact cell used in
the individual experiment The dead space is weakly tem-
Much is known about the physisorption of gases onperature dependent. Different pressure senfdisS Bara-
graphite and on close-packed metal surfaces but the numb#en) were used to guarantee adequate pressure measurement
of previous investigations involving MgQRef. 1) is more  Sensitivity over the entire temperature ran@@2-180 K.
limited. This paper represents the first in a planned series ofN€ calibrated dosing volumes varied between 55.0 and 60.0

3 . .
studies aimed at understanding the adsorption properties ?ep;e because each of the pressure sensors had a slightly dif-

methyl halidesCH,R, R=F, Cl, Br, ) on MgO. Our goal is nt internal and interconnecting volume associated with it.
to explore the interaction of small, polar, hydrocarbon mol-~Adsorption cell temperatures were monitored and controlled
ecules with ionic surfaces exhibiting four-fold symmetry, ;‘jo *3 ”I‘_ﬁ_gsl'”g a commercial temperature controll€on-

i.e., MgO (100 surfaces, and to probe both the details of ui\tlllef h MO.O q din th di
two-dimensional2D) electrostatic ordering and film wetting Il of the MgO powders used In these studies were syn-
properties. Here, we report high-resolution volumetric ad_theS|zed in rc:%ur laboratory and.had surface areas of approxi-
sorption isotherm investigations of the thermodynamic prop—m""t%Iy 10 m/ QT' dEIefctrolr;_ mlcr?{_s<|:opy 1r5e(\)/eglg(c)j that the
erties of methyl chloriddCH;CI) films on MgO extending powders consisted of cubiC particles, — nm mean

ize. They were heat-treateth vacuo (final pressure
over a temperature range from 132 to 180 K. It should be'2€ 7 N :
noted that numerous experimental techniques, including H§2>.<10 Torn) at 950°C for 36 h. Loading qf MgO pow-
er into the copper sample cell was done in a glove box

atom scattering, x-ray and neutron diffractiofy;®> heat q q h h isoth
capacity’ and volumetric isotherm studiéshave been ap- under a dry argon atmosphere. A methd@it,) isotherm .
was used to check the quality of the powder and determine

plied to the study of the adsorption properties of {CHon h' monolayer capacity. The adsorbate was liquid phase
raphite. Knorr has presented a comprehensive review of t ' '
grapn P P Ve Teview 9.9% pure CHCI (Matheson. Before being introduced into

adsorption properties of all the polar methane derivatives o . furth fied b formi |
graphite® Comparison of the present studies with these eartN® system it was further purified by periorming severa
;reeze—thaw distillation cycles.

lier investigations should lead to a better understanding o
how the interplay of adsorbate-adsorbate and adsorbate-
substrate interactions determines the properties of these in-
teresting adsorbed phase systems. The availability of large More than twenty adsorption isotherms were measured in
quantities of highly uniform, crystalline powders of MgO the temperature range 18X <180K to determine the wet-
(produced by a novel technique developed in our laboratoryting properties of CHCl on MgO (a subset of these iso-
has aided our ability to undertake such investigations. MgQherms is shown in Fig. )1 Our measurements were re-
forms a rock salt structure with @00 surface lattice con- stricted to temperatures above 132 K because at lower
stant of 2.978 A. It is also important to realize that MgO temperatures the vapor pressures were too small to be reli-
powders can be produced with predominantly)0) facets ably determined. At each temperature the adsorbed gas quan-
exposed. tity is plotted against the reduced press(re., pressure nor-
malized to the saturated vapor pressure of bulkClHt the
given temperatune We were able to estimatg the molecu-
lar cross section of C¥Cl on the MgO (100 surface, by

The details of our isotherm apparatus and of how we pereomparing the monolayer step heights of the;CHand CH,
form our volumetric isotherms can be found elsewHere. isotherms (CH,4 forms a solidy2 Xv2R45° commensurate
Briefly, approximately 0.4 g of MgO was loaded into an square lattice on MgQRef. 10 with each CH molecule
oxygen free high conductivit OFHC) copper cell and occupying 17.74 A of (100 surface. At 170.0 Ko
mounted in a closed-cycle helium refrigerat@PD Cryo-  =23.9 A? for CH,Cl on MgO.
genicg. Successive helium gas expansions were used to de- Before turning to a detailed analysis of the isotherm data,
termine that the dead space volume of the cell and attachatwill be helpful to make a few general comments concern-

RESULTS

EXPERIMENTAL SETUP
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FIG. 1. A subset of Chloromethane on MgO isotherms. The height of the isothernpfmar 1 increases with temperature. The inset
illustrates the behavior of the isotherms in the monolayer regipipy0.15). As noted in the text the vapor pressures at the lowest
temperaturesi.e., T=136.3 K and beloware near the resolution of our pressure transducerfaidD converter producing the step-wise
displacement of the data points.

ing the wetting properties of CJ&l on MgO. First of all, Visible before the isotherm reaches the saturated bulk vapor
several layering/wetting featurdas, i.e., the appearance of pressure(SVP) layering is likely to be “incomplete.” Not
various steps and changes in the shape of the isotherm #&frequently an asymptotic increase in layer thickness is ob-
p/po—1.0) were observed. Second, at temperatures beloerved near the bulk triple poinTpe. Film growth to a
157 K only a singlgpresumably soligmonolayer film forms ~ macroscopic thickness &t is commonly referred to as
before evidence of bulk C}&! formation appears. This be- triple-point wetting. Tyiye for CHsCl is 175.44 K. Figure 2
havior is different from CHCI on graphite where first a low- displays the film growth as a function of reduced tempera-
density(LD) and then a high-densit§HD) solid monolayer ture. Even at the highest coveragjenited in this experiment
phase forms. On graphite, the LD-to-HD phase transition apto about 15-20 equivalent laygithe SVP has still not been
pears as a distinct substep following a vertical riser in isof€ached for the isotherms at either 174.50 or 175.20 K. Al-
therms below 145 K. No such sub-step appears in the though it is not possible to unequivocally say that the iso-
CHCI/MgO isotherms indicating that even if GBl forms a  therm data shown in Fig. 2 represent an asymptotic approach
monolayer solid on MgO no LD-to-HD phase transition to the SVP aff>174.5K, these data strongly suggest that
takes place. It is relevant to point out that unlike graphite,‘complete” wetting takes place at or nedgye -

MgO is an ionic solid and it is not surprising that polar ~ Frenkel, Halsey, and HilFHH)'>***proposed that the
molecules would behave differently on the two substrateslong range van der Waals interaction between substrate and
Perhaps, the difference in behavior may be a consequence of

a stronger adsorbdt®)-substratéS) interaction. Unfortu- 20 T T T T ]
nately, Bah and Dupont-Pavlovskgo not include any in- & L T P/p,=0.9500]
formation about the relative strength of the A-A and A-S 5«, T P/py=0.9625
interactions. Third, at higher temperatures a second step apg 15[ +p/po=°'9750‘_
pears in the isotherms. By monitoring the position re- ® o P/py=0.9800]
duced pressure unjtf this second step we can locate the 2 ™+ p/p,=0.9850]
temperatureT,,q, Where this feature first shows up. A linear ¢ 10 T p/p,=0.9875
fit of the position of the second isotherm stgs determined '@ ¢ —*—p/p,=0.9900,
from the peaks in the compressibility vs reduced pressure in@ [ O p/p,=1.0000]
Fig. 4) indicatesT,,=158.9K. Finally, no evidence of ad- 3§ 5[

ditional discrete(stepwisé layer formation is recorded be- i

yond the second step. Customarily, the terms “nonwetting,” £ | ]
“incomplete,” and “complete” wetting are used to describe oot E—— T T T T
different modes of film growth on surfac&sThe shape of t=(TT) /T,

an isotherm near the saturated vapor pressure can be used as
a qualitative indicator of which of these wetting modes takes FIG. 2. Film growth of Methyl Chloride on MgO as a function
place. When only a finite humber of adsorption steps aref reduced temperature for differeptp.
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FIG. 3. Variation of vapor pressure of the adsorption steps with

temperature. The second layer onset temperatufg,js= 158.9 K. FIG. 4. Two-dimensional compressibility of the second adsorp-

) _ tion step of CHCI on MgO for isotherm abovd,,q. Note dual
adsorbate molecules can be used to describe the behavior Qe for compressibility values. Arrows indicate correct vertical

thick physisorbed films. Their approach predicts an isotherndcale to use for individual compressibility traces.
shape near saturation of the form:

A p dNads
—aﬁ [ - —_—
oo 5| @ 07 Nke T N, dp @

ads
with @>0, 8=(kgT) %, d representing the film thickness WhereA is the Sl_”facez area of the sampler'rl_?, pis the
and the exponerg= 3.0. Fitting the isotherms at 174.50 and VaPor pressure iMN/m?, T the temperature in KNy is
175.20 K to the FHH form we fing=2.00 ands=1.28 Avogadro’s numberkg is Boltzmann’s constant, ard,qsis
respectively. Explanations for the deviations frose3 the number of molecules adsorbed. Since layer formation is
could be related to either the limited coverage range of oufccompanied by a change in isothermal compressibility,
measurements, or to thermal fluctuatibrar possibly to the ~changes in the compressibility can be used to identify layer-
dipole-dipole interaction between the adsorbate molecules./nd transitions. , o
Larher® has shown that the enthalpy and the entropy of Figure 4 shows the 2D isothermal compressibility for re-

the gas and condensed phase can be related to the SVP pjuced pressurep/pq, between 0.5 and 1. The compressibil-
ity peak is associated with second-layer formation. With in-

(hg—he) creasing temperature this feature moves toward lower
R-Inpo=——7—+(Sy~Sc)- (2 reduced pressure, decreases in height and broadens in width.
This behavior can be related to an increase in the mobility of
Using Clapeyron’s equation, this can be related to the preshe molecules within the layer and a corresponding loss in
sure dependence of thgh step position as a function of long range ordefi.e., with fluidlike propertieks
temperature It is not possible to make as comprehensive an analysis of
the isothermal compressibility of the first layer mainly be-
3) cause the vapor pressure is low. But even though the mono-
layer data are statistically less reliable, they are good enough
to establish that the first layer behaves qualitatively very
Figure 3 shows the temperature dependence of the bullhuch like the second in terms of how the compressibility
vapor pressure and the position of the first and second adeature decreases in height, broadens and moves with in-
sorption steps. Table | lists the coefficients obtained from fitgreases in temperature.
to Eg. (3). Two thermodynamic quantities, the isothermal  The second thermodynamic quantity that can be extracted
compressibility and the isosteric heat of adsorption, can bérom a set of closely spaced isotherms is the isosteric heat of
extracted from a set of high-resolution isotherms. As notechdsorption. This quantity represents the work required to
in Ref. 17 the two-dimensional isothermal compressibilitybring one molecule from the 3D vapor into the 2D film. It

_An
logiop(Torr) = - +B,.

can be calculated as can be determined using:
TABLE |. Coefficients of the parametess B, andR (correla- 5 dlnp
tion coefficienj of Clapeyron’s equation. Qs=RT" aT Ix- )
Sat. vapor Lst step 2nd_s_,tep The calculated heat of adsorption for a subset of the iso-
pressure position position . . .
therms is shown in Fig. 5 below. It converges towa€is
A 1648+3 K 1346+ 15K 1313*3K =(7.5+0.3) kcal/mole at high coverage. The behaviofxf
B 10.27+0.03 7.18-0.09 8.18-0.03 for the highest temperature isotherm does not appear to con-
R 0.99997 0.9988 0.99994 verge towards the value quoted above. However, a closer

inspection of the data, especially as one approadhgg is
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Y tures and pressures, so a comparison with these values is not
[ 1 monolayer is equivalent to 0.758 mmol ] possible. Nevertheless, it appears that the trend is consistent
] with the values we determined.

CONCLUSION

The adsorption of CECI on MgO (100 surfaces exhibits
several interesting layering properties within the 132—-180 K
temperature range. A second adsorbed layer forms at tem-

Heat of adsorption [kcal/mol]

. o 162.0K o 172.2K] perature aboveT,,—158.9K and the wetting behavior

. 165.2K . 173.0K] changes from “incomplete” to “complete” near the triple
4 o 168.4K o 174.0K]] point. Similar layering and wetting behavior has been ob-

N I 712K e 174.9K4 served for NH films on MgO (Ref. 17 whereT,,,qwas also
2 4 6 8 10 about 0.9y and where complete wetting also appears to
mmol adsorbed take place in the neighborhood ©f;pe .

FIG. 5. Isosteric heat of adsorption from gE on Magnesium Evidently, the interaction betvyeen the ionic MgO surface

Oxide. and the polar CECI molecule is too strong to allow a

density-dependent, LD-to-HD monolayer transition to occur
as was seen in the GBI on graphite system. This observa-

6 kcal/mole and, with increasing coverage, approach 7. io|_r|1|is S“hﬁpgrg‘g‘dF bty our rece'nt x-ray diﬁractilon 'studizs. of
= 0.3 kcal/mol more slowly a3 — Ty . It should be noted 5l on MgO~™ Future investigations using elastic and in-
that the isotherms at 174.0 and 174.9 K, where this trend iglaSt'C neutron diffraction t(_achnlques are planned to obta|_n a
clearly visible, are also the two isotherms where “complete” more cgmplete understanding of the structural and dynamical
wetting takes place. Bah and Dupont-PavloVskgave not properties of the CkCl on MgO system.

included a determination @, for CH5Cl on graphite so no
comparison is possible.

The heat of vaporization of bulk Gl is reported as We are pleased to acknowledge the skilled help of C.
5.14 kcal/mole(Ref. 18 at the equilibrium saturation vapor Koehler and D. Becker. It is also a pleasure to acknowledge
pressure of 1 atm. In Ref. 19 the heat of vaporization wasiseful discussions with B. Asmussen, A. Freitag, J. Hastings,
determined over the temperature range fron28.89 to W. Kunnmann, and L. Passell. This work was supported by
37.78°C. Over this interval it varied from 5.23 to 4.38 kcal/ the U.S. Department of Energy, Materials Science Division
mole. Our measurements were done at much lower temperander Contract No. DE-AC02-98CH10886.

needed. Notice that several @f; plots exhibit a plateau near
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