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A review of the lattice dynamics of gases adsorbed on graphite In the commensurate phase is presen:cd, taking into 
accouor their qcanmm chaacter. The phonon d ~ s p e r s ~ o n  curdes are characterized by an energy eap tn the acouszrc 
branch a t  thc zone center. Its magnitude 1s related to the Corngabon of the in-plane adsorption rotcnnal. Thc energy of 
the zone b u n d a y  phonons. on the othcr hand, is determined by the interacnon ktween adatoms. The measurement of 
these qvanunes allows the companson wth thmretical mdcls. 

During the last decade, substantial progress in the 
knowledge of the properties of two-dimensional /2D) 
matter has been achieved thanks to studres done on 
monolayers of gaser adsorbed on well characterized 
substrates like graphite. The substrate czn Impose 11s 
periodicity on tbr pos~tion ot  the adsorbed atoms, often 
lead~ng to a commensurate suucture. In t h i ~  phase. the lack 
of translational Invariance produces a gap (A) in the 
aCQUSbC h n c h  at the zone center of :'\e phonon disptrslon 
rekzrion. The rnagn~tudc of A 1s related to rhc cormpatlon of 
the adsorption porential. Changes in ternwtature andlor 
covempe ,nduce phase ari+nons that arc the result of a 
delicate balance ktween the interaction ot' the adsorbed 
gas and tLc sub<trarc, ar,d k t w e t n  thc adsorbed gas 
molecules themselves. Ilnfomnately, the Lnowledge of he 
details of thcse intenetion pott~tlals 1s sparse, s ~ n c t  not 
many experimental techniques are available. The 
adsorpt~on ptent ia l  itself has k c n  determined rna~nly wlth 
molecular k a m  scattenng, but the magnt~ude of the in- 
pldne cormRarion of  the adsorption potential is very 
difficult  to obtain i n  t h ~ s  way. The temperature 
rsnorrnalizariort of the phnnon specmm pwes lnshght info 

the anharmonic t n m s  of r h t  adsorption and inrermoItcdm 
poten!lal<. Recently. several measurtments of the gap 
became avallzbIe (1-8)  and allowcd a c~mparison wtth 
theoretical malcls of the adsorptiur~ ~ t c n t i a l ~ .  

W e  present here a review of rcsutts of inelastic neubon 
scatrering experiments that  determined A and ~ t s  
deprndenct on temperature, for vaF.ous substances. The 
studied adsorbates present all a re~istemd ( u 3 * . 1 3 ) ~  3P 
phase (ann=4.26A) and can be gmuped mainly into two 
classes according to rhcir quantum ~haracter  (see Table I ) .  
The hydrogen isotoys (HZ. HD. D2) ( 1 - 3 )  and 3He (4) are 
tyl~ca.1 quantum gases: their interaction potenrial is weak, 
they exhibit a large zero pomt motion and a very large 
corn press^ b~lity (rbe commensurate a ~ n  is much larger than 
the 3D-wild one). Niaogen (N2j (5.61, dcuteratcd-mcthane 
(CQ) (7) and Krypton (81, on the ather hand, arc much 
heavier molcculeslatoms, with consequently a smaller zero 
FIN motion forrmng less compress~blc monolayers . In 
these cases the 3D lattice parameter matches wtth~n some 
percent the one of the 2I3 comme2sumte phase. 

Table ? m e t e r s  that characterize the adsorbate gas - graphite system in the cornmensumre phase. the adsorbates are 
ordered with lncrcaslng de Boer parameter. 

a the de B m  paramaer indicates the quantum character of a substance, A = h I d l r n ~ ) .  i t  Is the ratio ktwcen the de 
Broglie wavelength of the relative mollon of two atoms with entrgy E and the minimum in the W ptcnrial, 

b Tha column prestnts the w d t h  of the in-plant phonon density of states (DOS). Thest values are hard to determine 
with inelasnc neuwn scattenng. since the intensity of the sm~cnrrc factor demases with increasing energy. 

C The phase diagrams of KT, N2 and 0 3 4  present a commensuntc rtglon that extends to higher temperatures when the 
coverage is sllehtly higher than the commensurate one. Details of *e phase h a w  can be found In refs. (Q), ( 103 and 
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One of the most suiking differences beween both types 
of adsorbates is the temperature dependence of the gap 
energy. On a flat substrate no gap exists, and the acoustic 
phonon branches go to zero at the zone center. In this case, 
a non-zero temperature produces thernlal phonons . In the 
case of a commensurate phase, the acoustic phonon 
branches have a finite value at the zone center: the phonon 
gap. In order to thermally populate phonon modes a 
minimum temperature has to be reached (of the order of 
the gap energy). At lower temperatures mainly the zero 
point vibration remains. All the quanrum gases melt at a 
temperam (T,) that is ktween 30-50s of the energy of 
the gap: at T, a negligible fraction of thermal phonons m 
excited. Thus, a small increase in d<u2> (12) due to these 
thermal phonons suffices to melt the commensurate 
monolayer. This increase occurs at a temperature that is 
very close to T,. As a consequence, the gap energy does 
not chanqe up to T, and rhe phonon spectrum is pnctically 
not affected by tempenmre. On the other hand, the heavier 
gases melt at a temperature that is much higher (at least a 
factor 3) than the gap energy and a strong temperature 
renormalization of the phonon specmrrn ~ccurs ( 1  3.14). 
This can h e  seen In  figure 1, where the data for the 
phonon gap as a funcnon of temperature are depicted for 
several gases. 
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Fieure 1; Normalized zone center phonon gap vs. reduced 
temperature fot several gases adsorbed on graphite. The 
lines are the result of the model caIculatiw described in  
ref. 13. /A stands for the zone center phonon gap) 

The agreement between theoretical calcuIations of a 
(15, 16) and the m e a s u d  values is indicated in the 7th 
column of Table I. Two elements present a large deviation 

localizes at low coverages and the calcuIation (15) agrees 
well with experiment. For N2 no simple explanation for 
this disagreement has been found and this suggests that 
further work is required to improve our knowledge of the 
adatom-subsuate potential (5 ) .  
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from the expected magnitude: N2 and 3He. 3Ae is 
panicuiarly hard to model due to  its high quantum 
c h m t t r  that makes it very difficult to take Into account 
all the correlations and many M y  effects (16). A single 
3He atom does not stay on an adswption site, but neads the 
presence of the other adatoms to localize. Already Hz 
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