N

N

Thermodynamic and structural properties of water film
adsorbed on MgO(100) surface

Jean-Paul P Coulomb, Benjamin Demirdjian, Daniel Ferry, Mohsen Trabelsi

» To cite this version:

Jean-Paul P Coulomb, Benjamin Demirdjian, Daniel Ferry, Mohsen Trabelsi. Thermodynamic and
structural properties of water film adsorbed on MgO(100) surface. ISSHAC-8: Eighth International
Symposium - Effects of Surface Heterogeneity in Adsorption and Catalysis on Solids, Aug 2012,
Krakow, Poland. hal-03228381

HAL Id: hal-03228381
https://hal.science/hal-03228381

Submitted on 18 May 2021

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-03228381
https://hal.archives-ouvertes.fr

THERMODYNAMIC AND STRUCTURAL

PROPERTIES OF WATER FILM

ADSORBED ON MgO (100) SURFACE.

J.P. Coulomb?®*, B. Demirdjian?, D. Ferry* and M. Trabelsi®
aAix-Marseille Univ., CNRS, CINaM UMR-7325, 13288 Marseille, France.

bFaculté des Sciences de Bizerte, Département de Physique, Bizerte, Tunisie.

* Corresponding author @ e-mail : coulomb@cinam.univ-mrs.fr

s @

Transmission electron micro-

Figure 1 :
graph of our MgO powder sample, which is
mainly composed of well defined nano cubes.

Adsorption isotherms on Mg0

H,0 1 MgO
(T=273K) 9

...--v-*"“"'
é

CH,/ Mgo
(T=7TT.3K)

45
P Torr)

Figure 3 : Calibration adsorption isotherm of
water on MgO (100) powder measured at T =273
K. By comparison, on the same MgO sample we
have measured, a methane isotherm, at T =77.3 K
( the methane film is characterized by a square

Introduction

High homogeneous MgO (100) powder is a very suited substrate = POE M

to investigate the influence of square symmetry surface on the E‘“ . (58K) \ ,‘
properties of physisorbed rare gases (2D) films [1,2]. In & ‘—‘:“’
addition, such a MgO (100) powder is of great interest to T oo (::?S; 1
analyse the surface electric field influence on polar adsorbed ‘g ,_._,..-"; -
monolayer (as for instance, NO, CO or C,H,). In the present % * b i | e
study, we describe the thermodynamic and structural properties what?. gk

of (2D) water film physisorbed on MgO (100) surface. The Figurewz‘ W

structure of such (2D) water phase determined by neutron

diffraction is commensurate P(2x3) and composed of water

molecules chains (structure very similar to the (110) planes of
the ice-VII, ice characterized by its high density d=1.6) .

Water physisorbed phases (2d <D <3d)
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Figure 4 :
confined D,O solid phase in model MCM-41 (@ = 40 A) sample and

Neutron diffractograms of : (3D) hexagonal ice ;

Adsorption
measurements of water on MgO and
graphite surfaces and AIPO4-5 zeolite.

Figure 2

Neutron diffractograms : Dzo IMgO T=273K
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Figure 5

Figure 5
adsorbed films on MgO (100) surface of different
thicknesses : 1.5 layer ; 4.0 layers and 20 layers

: Neutron diffractograms of D,0

isotherm

C(2x2) commensurate structure |3 ]).

D,0 (2D) film adsorbed on MgO (100) surface at T =200 K.

at T=273K.

Results and discussion : We have measured the neutron diffractograms of water (D,0) phase adsorbed on MgO (100) surface at different film thicknesses (

0.93 ;1.5; 4.0 and 20 layers ). The determination of the water monolayer structure, from the analysis of the 0.93 layer diffractogram, was not so easy. In a first
time, we start our analysis by considering water (2D) structure similar to the densest plane of hexagonal ice (Ih) and cubic ice (Ic). The results were not at all
significant. In a second time, we have analyzed the structural properties of the high density ices ( ices which exist in the high pressure domains). We have noted
that, the main neutron diffraction peak of the cubic ice VII and the neutron diffraction signal of our 0.93 layer diffractogram are very close to each other ( fig. 6a)
. Surprisingly, the densest plane of ice VII (plane (101)) is very close to the P(2x3) commensurate structure that we have already conjectured for the water
monolayer structure [4]. In the present paper, we confirm such a P(2x3) over-structure mesh and we have determined the position and orientation of the water
molecules within the mesh. The main characteristic of the (2D) water structural organization is that all the molecules are laying along the MgO (100) surface rows
and form water molecular chains ( as represented on fig. 7-8 ). To fit our measured neutron diffractograms ( 0.93 layer and 1.5 layer, as shown on fig. 4 and 5 )
we have considered the different morphology of such D,O chains ( fig. 7).
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Figure 6b

diffractograms of D,0
fims adsorbed on MgO
(100) surface (0.93 and
1.5 layer ) measured at T
=200 K in comparison
with the diffractogram
of ice-VII.

Figure 6b : Schematic
representation of the
densest plane (101) of
ice-VIL. Such plane are
composed of D,0
chains. H-bondings bet-
ween the planes insure
the stability of the ice-
VII structure.

Figure 7 : The water P(2x3) commensurate mesh
ins 6 D,0 molecules. In such a large mesh the water

chains are characterized by different morphologies ( 12
morphologies ). We have to consider such a disorder to fit

our experimental diffractograms.

Eigure 8
P(2x3) structure of water monolayer adsorbed on
MgO (100) surface. We note that all the H,O
molecules are laying along the surface rows formed
by the Mg?* cations.

Figure 8

Schematic representation of the
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