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Experiments are described in which a jump in the thermal flux in highly rarefied O(n> I) CO, N2, and 
CO, molecular gases interacting with gold and platinum surfaces saturated with chemisorbed CO 
molecules is observed in a magnetic field. The observed dependence of the intensity of the field in which 
the jump occurs on the CO concentration in the surface can be explained if the existence of a magnetic 
phase transition in the chemisorbed layer is assumed. 

PACS numbers: 73.90. + f, 75.30.Kz, 82.65.N~ 

In the present work, in investigating the thermody- 
namic effect in N2, CO,, and CO gases interacting with 
platinum and gold surfaces, we experimentally observed 
a thermal-flux jump that can be interpreted as  a conse- 
quence of a phase transition triggered by the magnetic 
field in the two-dimensional surface layer of chemisorbed 
CO molecules. Magnetic phase transitions in two-di- 
mensional systems were theoretically predicted a long 
time ago, and have been investigated many times with- 
in the framework of the Ising model, but we do not know 
of any reports about their experimental observation. 

The thermomagnetic effect (TME)''] consists in the 
fact that, in the Knudsen heat-transfer regime, the 
thermal flux Q through a gas located in the gap between 
two plane-parallel plates (one plate is heated, while the 
other is cooled) changes by a value AQ upon the applica- 
tion of a constant magnetic field H. This effect is due 
to the dependence of the probability for inelastic scat- 
tering of the gas molecules on the surface of the solid 
on their orientation. In the absence of the field, the gas 
molecules in the gap become polarized when they inter- 
act with the surface. [1'2' As a result of the precession 
of the molecules in the field, there occurs a change in 
their polarization and, a s  a result, the thermal flux in 
the gas changes. The quantity AQ depends on the prod- 
uct of the precession frequency w = pH/fi and the mol- 
ecules' time of travel r = L/V (L is the distance between 
the surfaces). In high fields (07 >> I), there occurstotal 
averaging of the orientation of the angular momentum of 
the gas molecules over angle in the plane perpendicular 
to the vector H, and the quantity AQ tends to a limiting 
value AQ,,. 

In the present work the TME is used to study surface 
properties. The gas molecules then perform the role 
of probing particles if the relation 5 = nijot << 1 (where n 
is the gas density, a is the surface area  occupied by one 
absorbed molecule, and t =  t,,exp(~,/T) is the mean life- 
time of a molecule in the surface, Ea being the absorp- 
tion energy) obtains. This relation implies that the 
probability for scattering of the gas molecules on anab- 
sorbed molecule is small. This is fulfilled in the ex- 
periments described below for all the employed gases 
interacting with Au and Pt surfaces (for a pressure p - 1 x loms Torr, a temperature T- 300 K, and a physical- 
absorption energy E,- 5 kcal/mole, the quantity 5 5; 10"). 

In the case of chemisorption (of the gases CO and 0, in 
Au and Pt  surfaces) the molecule lifetime in the surface 
is much longer than the duration of the experiment, and 
the investigation of the TME enables us to study the in- 
elastic, nonspherical scattering of gas molecules on a 
surface covered with a monolayer of absorbed mole- 
cules. 

The measurements were carried out on the experi- 
mental setup described earlier in Ref. 2. In Fig. 1 we 
show the dependence AQ(H) (H II k, H 1 k, k being the vec- 
:or normal to the surface) in nitrogen N2 interacting with 
a gold surface covered with chemisorbed oxygen mole- 
cules. The quantity AQ(H) goes through a maximum 
and, a s  WT-  w, tends to AQ,,,. Within the limits of ex- 
perimental error,  the experimental data a re  described 
by the theoretical dependencec2] (the continuous curve). 

In Fig. 2 we show the dependences AQ(H) for N2 in- 
teracting with a Au surface covered with a chemisorbed 
CO gas (Fig. 2a). This experiment was performedafter 
the surfaces of the pickup had been saturated with CO 
gas. It can be seen from the figure that there occurs in 
a'field of intensity H,  = 1150 Oe a jump in the thermal 
flux: AQ, = AQ,,,(H< H,) - AQ,,,(H> H,). When the chemi- 
sorbed CO is partially replaced by O2 molecules, the 
value of the field H, decreases (see Fig. 2b). When the 
chemisorbed CO in the monolayer is completely re-  
placed by 0, molecules, the curve assumes a form (Fig. 
2c) similar to that of the original curve (Fig. 1). 

The experiments performed showed that the thermal- 
f l u  jump is also observable in TME measurements in 

-AQ.rel. u ~ t s  . . . - 
Ip = l.10-3 Ton, Kn = 25, N2 

FIG. 1. 
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FIG. 2. 

the systems N2-Pt, CO-Pt, C02-Pt (H, = 2200 Oe), and 
CO-Au (H, = 1150 Oe). The Au and Pt surfaces in these 
measurements were saturated with chemisorbed CO 
molecules. Within the limits of the experimental error, 
the value of the quantity H, did not change when we 
changed the type of gas and the pressure in theKnudsen 
region, and also when we changed the orientation of the 
field and reversed its direction. When the fraction of 
CO molecules in the chemical monolayer was decreased, 
the quantity AQ, tended to decrease. 

Thus, we have experimentally demonstrated that the 
observed change, AQ,, in the thermal flux is  uniquely 
connected with the presence of chemisorbed CO mole- 
cules in the Au and Pt surfaces, and that the quantity Hf 
decreases when CO molecules are replaced by 0, mole- 
cules owing to the competing chemisorption of oxygen 
and the catalytic CO-oxidation reaction. "I 

It follows from the TME theoryc2' that the quantity 
AQ,, is determined by the character of the orientational 
interaction of the molecules with the surface of the solid 
and depends (for a fixed geometry) on the difference be- 
tween the temperatures of the walls, the gas pressure, 
and the orientation of the field. It follows from this that 
the thermal-flux jump AQ, may be connected with the 
change occurring in the orientational interaction of the 
gas molecules with the surface when the state of the 
chemisorbed CO molecules changes in the magnetic field. 

Investigations carried out by Norton and ~ i c h a r d s ~ "  
by the method of photoelectron spectroscopy showed 

that, in a Pt surface, the chemisorbed CO molecules 
are in the form of CO' ions possessing spin s = i. The 
chemisorbed molecule-field interaction energy E- pBH - 10-l7 erg is in this case much smaller than the chemi- 
sorption energy for CO in platinum (E, = 2x 10'12 ergt5]). 
Therefore, a field - 10' Oe cannot produce any changes 
in the state of the CO molecule. Moreover, if the field 
changed the state of the chemisorbed CO molecule, then 
the quantity AQ, would decrease on decreasing the CO 
concentration in the chemisorbed layer, and the field H, 
would not change, which would be at variance with the 
experimental data. But if we assume that there exists 
a collective interaction of the magnetic electrons of the 
chemisorbed CO molecules (e. g., via the conduction 
electrons of the metal), then the layer of CO molecules 
can be represented a s  a magnetically ordered structure 
in which magnetic-field-induced phase transitions are 
possible. The observed thermal-flux jump AQ, i s  ap- 
parently connected with the fact that the phase transi- 
tion is accompanied by a redistribution of the orienta- 
tions of the absorbed molecules. This orientation re- 
distribution can lead to a discontinuous change in the 
nonspherical inelastic scattering of the gas molecules 
on the surface. 

Thus, the above-described experiments indicate a 
phase transition in the absorbed layer of molecules, 
among which a collective interaction exists. 

It is necessary to note that the known dependence of 
the heat of chemisorption on the degree of occupation of 
the monolayer indicates the existence of a collective in- 
teraction among the chemisorbed CO molecules. Since 
pBHf - 0.1 K and the mean temperature of the experi- 
ment was - 350 K, the magnetic structure of the surface 
must be a complex one; for example, there can exist 
clusters of strongly interacting-among themselves- 
chemisorbed CO molecules, with weak interaction be- 
tween the clusters. 

The authors are very grateful to Yu. M. Kagan, L. 
A. Maksimov, and B. R. Shub for a discussion of the 
work and for valuable comments. 
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