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ABSTRACT 

The normal fusion point of argon (83.9 E) is between the bai- 
ling points of liquid nitrogen (77.5 K) and liquid oxygen (SO.2 
tc.) I Krypton at 90.2 K is belaw its fusion point (115.9 K). The 
isotherms of argon on porous glass are compared to thase of ni- 
trogen and krypton. No change in the shape of the hysteresis was 
observed: the adsorbate obviously kept the liquid state as a re- 
sult of triple point decrease in the mesopore system. Temperature 
dependent effects ware found only in the kinetics of ad- and de- 
sotption. 

INTRODUCTION 

The phase o+ an adsorbed layer on a solid ran differ from the 

respective bulk phase at similar temperatures., also this is the 

ca5e in the higher layers as a result of long rangrng surf ace 

forces I Therefore 1 it is better to speak of mobile or facalized 

, 

Fig. i. Phase diagram of argon. Fig. Zb. Pore width distribution 
Dashed 1 ines: Isotherms at 77 K of the nitrogen isotherm 
and 90 K (see Figs. 3+4). (Fig. 2a). 
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Fig. Za, Nitrogen isotherm at 77.5 C. an Vycor glass. 

110 I 

100 

a .--(J.*- 
*_.*_._._.-..--..-. ----.-.~~z’ 

/ /’ 
g so 
G 
2 5 so 

gj 7o 
3 60 

t3 50 

Y 
z 40 

6 
8 30 

L 
20 

10 

0 
0 .1 .2 .3 .4 .5 .§ .7 .6 .Q 

RELATIVE PRESSURE P/Pa 

Fig. 3. Krypton isotherm at 90.2 K on Vycor glass. 

layers, rather than of liquid and solid sorbate. Critical parame- 

ters e.g. triple point, melting and boiling points are shifted 

towards lower values depending an the chemical nature and the 

geometry of the adsorbent. In the presence of mesopores this 

effect is rather large (refs. 1,2X. Around the completion of the 
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Fig. 4. Fit-gon isotherm on Vycor glass at 90.2 K, 
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Fig. 5. Argon isotherm at 77.5 k on Vycor glass. 

argon and nitrogen monolayer, at 77 K on graphite, a phase changa 

was observed (refs. 3,4). Others found such effects at various 

adsorbents and number of layers at far lower temperatures (refs. 

S-&f. 
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In order to examine phase transition in pores, we measured 

sorption isotherms with different inert gases at liquid nitrogen 

and liquid oxygen temperatures, using a well defined, highly 

mesoparous glass. In the monolayer and submonolayer region, phase 

transitions should have manifested themselves stepwise in the 

isotherms. In the multilayer region we expected to fxnd noticeable 

differences in the shape of isotherms and the hysteresis loops, 

and furthermore in the adsorption and desorptlon kinetics. 

EXPERIMENTAL 

The measuring apparatus consists of two ml crobal antes deve- 

1 aped by Gast, a turbomal ecu1 ar vacuum pump, a gas supply with 

electric controlled needle valves, both to the inlet and to the 

pump. Law pressure was measured using a heat conductivity xnstru- 

ment and above 1.5 mbar a piezoelectric manometer. Samples were 

thermostatted using liquid nitrogen and oxygen, respectively, in 

Dewar vessels one meter in length, the level of the liquid being 

controlled manually. The apparatus is described rn detail by 

Straube, also the calculation routines were developed by him 

(refs. 5,6f. 

AS adsorbent, we used Vycor glass which we had investigated 

earlier. The highly porous glass includes pores in a restricted 

mesopore range and with a most frequent pore width of 2 nm. We 

measured nitrogen, argon and krypton isotherms. The experlments 

with argon are shown in the normal phase diagram (Fig. 1). 

EXPERIMENTAL RESULTS 

The nitrogen isotherm at 77 k and the respective pore size 

distribution are shown in Figs. 2 a + b and the numerical results 

in Tab. I. The argon isotherms at 90 K and 77 K and the krypton 

isotherm at 90 I( are depicted in Figs. 3 - 5. One determination 

failed because of the generation of a argon-"icicle" 50 mm in 



TABLE 1 

Specific surface area and pore parameters of a Vycar glass. 

spefi f i c surf aittm area specif ir pore volume moot frequent pare 
radius 

method nm 

Kaganer 
2 parameter BET 
3 parameter BET 
cumulative 

The shape af thus isotherms and af the hysteresis laap coincide 

in principlea AL1 isotherms corraepond to the type HZ of the 

XUPK rlassific&ian. Thr? hystereszs locrp increa55w26 Qrom nitrogen 

(77 Kf ta arCJan (9c, k>, and from argon NO #> ta at-grtn (77 h'f and 

fram argon (77 W to krypton fW h"). In all cases Chs boiling and 

#usion temperature af the normal bulk phase could be taken. Dif- 

Qarr@rices wer@ +ound in the kinetics af adsorption and desorptionr 

These reactions task palace far rn~~e slawly with argan at 77 K and 

kryptnn at 90 K. Furthermore, we abserved, after the exponential 

increase, a gradual linear increase af the adsjarbed mase wicj. 

81. Equilibrium was reached after 1 to 3 haurs, whsreas with ni- 

tragen at 77 K and argon at 90 K &ter 10 min to 1 h. 

We didn‘t abzw~~e +teps in the iratfrwrn near ~u~~~~~~r COSp- 

letian and aXsa no change in the shape of the isotherm 

due to temperaturw. Thus, we can presume, that, the adsorbate is 

mabile even Tar trrlctw the fusion temperature and able to form a 

meniscus;. On Ww other hand, thwe caufd be a mielting reaction 

included in the a~eor~tion/d~s~~t~on process, Obvioussfy, the ad- 
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AUSWiPTIUN KINETfCS <P/PO - 0. I> 

Fig. 6. Adsorption kinetics 

sorbate resists serving as a %i*llditri%-m nucleus= This result 

matches Eyraud's theory of randensation in pores (refs. 1,2). We 

doubt whether the adsorbate can be regarded as a supercooled li- 

quid, because there was no visible relatzonship to the correspon- 

ding boiling points. Furthermore, the slow adsorption and desarp- 

tion process 1s not predictable in the case of liquid sorbates. 

Also questions arise about the slow linear increase of the kine- 

tic curvws. 
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