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Four platinum films have been prepared at a pressure of IO-” Torr, and heats of adsorp- 

tion of hydrogen have been measured calorimetrically up to the coverage which prevails at 

an equilibrium pressure of 10mi Torr. The experimental data have been treated in two ways: 

(i) the standard methods of processing of the data by correlation have been applied to the 

plot of the quotients ~IQ/illz vs 12, instead of the customary drawing of a smooth curve 

through this plot by hand: (ii) the said traditional plotting has been abandoned and replaced 

by producing an integral plot fitted by a correlation curve which was subsequently differen- 
tiated. Applicability and reliability of the two approaches in adsorption calorimetry have 

been analyzed. 

In all the four experiments, a linear decrease of the heat in the mentioned range of cover- 

age is likely. The initial heats have been estimated as 22.0, 22.6, 21.2 and 19.2 kcal mole ‘, 
respectively: whereas the integral heats have been found to have approximately the same 

value of about I7 kcal mole ’ on the four films in the investigated range of coverage. As 
reasons for the lower initial heat and milder heat decrease obtained with one of the films, a 

lower extent of surface contamination and a possible lesser heterogeneity have been tenta- 

tively suggested. 

INTRODUCTION 

Although platinum has an outstanding 
importance in heterogeneous catalytic pro- 
cesses involving transfer of hydrogen, 
there exists uncertainty about the heat of 
adsorption of hydrogen on platinum sur- 
faces and its dependence on the adsorbed 
amount (Table 1). Since little information 
is usually published about the experi- 
mental details and method of treatment of 
the experimental data, an independent as- 
sessment of the reliability of the reported 
results is often difficult. Apart from the 
gas phase experiments, electrochemical 
methods have brought interesting results 
(29-32), revealing far-reaching similarities 
between the heat-coverage curves for the 
platinum-hydrogen system in electrolytic 
solutions and in the gas phase. 

A need for reliable values of the heat 

of adsorption of hydrogen on platinum has 
been felt both by theoreticians and experi- 
mentalists, e.g. (33-37). In connection 
with our investigation of the hydrocarbon- 
platinum system (38), it has been desirable 
to have a heat-coverage curve for hy- 
drogen on platinum films. Because no such 
data have been available, we have under- 
taken the present exploratory study, 
although we have been aware that the 
films used are not quite representative for 
extremely clean surfaces, and that their 
crystalline state is not defined. 

EXPERIMENTAL METHODS 

The adsorption apparatus used was a 
glass bakeable volumetric device without 
any greased parts in its vacuum section, 
equipped with mercury float valves (39). 
By a mercury diffusion pump, a pressure 
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of the order 1 Oe9 Torr ( 1 Torr = 1.33 X 

IO” N rnp2) was attained before and dur- 
ing the film evaporation. The pressure was 
measured by a Bayard-Alpert gauge lo- 
cated close to the calorimeter and oper- 
ated at 10 mA grid current. The value of 
10 taken for the conversion factor between 
the ion current and the pressure in the 
apparatus was confirmed by calibration 
with nitrogen in the range of lop3 and 10m4 
Torr. The amounts of gas dosed to the 
calorimeter were determined by the pro- 
cedure described earlier (40), using a 
McLeod manometer. The standard devia- 
tion of the dose reading was esti- 
mated as 8 X 10es moles. The pressure of 
gas remaining above the film after adsorp- 
tion was measured by a Pirani gauge. The 
calorimeter, ion gauge and Pirani gauge 
were separated from the other parts of the 
apparatus by two traps cooled with liquid 
nitrogen. 

The calorimeter, similar to that de- 
scribed earlier (40), was attached to the 
apparatus by sealing. It was made from a 
specially drawn cylindrical eggshell glass 
of a very uniform wall thickness of 0.27 
mm, and with a diameter of 36 mm. Over a 
length of 13 cm of this thin-walled cylin- 
der, a platinum thermometer wire 0.1 mm 
in diameter (Safina Vestec, Czechoslo- 
vakia) previously aged by annealing, was 
wound under tensioning by a constant 
force (41) and with a pitch of 2 mm, using 
a lathe. In the middle of this pitch, a con- 
stantan wire 0.07 mm thick was in- 
terwound, serving as a heater for the calo- 
rimeter calibration. The coils were affixed 
to the eggshell glass by a thin layer of 
transparent silicon varnish, baked at 
250°C. The length of the thermometer coil 
exceeded the heating coil both at the upper 
and lower ends by two turns, to avoid a 
dependence of the determined value for 
the calorimeter heat capacity on the 
amount of the Joule heat supplied. Behav- 
ior of the calorimeter was analyzed by 
analogue simulation (42,43). The films 

were confined to about 9 cm of the egg- 
shell glass length, thus covering some 100 
cm2 of its inner wall. 

The calorimeter formed one arm of a 
Wheatstone bridge fed with an alternating 
voltage of 380 Hz. The neighboring arm of 
the bridge was formed by a second, nearly 
identical calorimeter which, however, was 
not connected to the adsorption apparatus. 
The output voltage from the bridge was 
amplified and displayed on a recorder by 
means of a circuit described elsewhere 
(44). 

Both calorimeters were placed during 
the measurement in a thermostat con- 
sisting of a massive aluminum block 
shielded by two envelopes and equipped 
with two wells into which the calorimeters 
fitted closely. The temperature difference 
of the two calorimeters and thus the con- 
stancy of the zero line of the recorder were 
of the order of 1 Om5 degree or better. In the 
present experiments, the thermostat was 
kept at room temperature. 

The heat capacity of the calorimeter was 
calibrated by the Joule heat evolved in the 
heating coil on the outer side of the thin- 
walled cylinder. In total, 40 determinations 
were made: 20 by the equilibrium method 
(41) with the heating power between 
0.94 x tom5 and 15.30 X 10m5 cal s-‘, and 
20 by the pulse method (41) with pulses 
between 60 and 150 s and with the total 
heat evolved varying between 0.7 1 X 10m3 
and 9.18 x 1 O-3 cal. The average of the 40 
measurements was 1.70 cal deg-‘, the 
standard deviation of this average 
being 2 8.9 X 10e3 cal deg-‘, i.e., ?0.51%, 
the standard deviation of the individual 
measurement being k5.5 X lop2 cal deg-‘, 
i.e.,? 3.22%. 

The calorimeter sensitivity used in the 
present experiments was 9.64 X IO4 mm 
call’. 

The heat liberated by a gas dose was es- 
timated on the basis of essentially a 
logarithmic extrapolation of the tempera- 
ture-time record to zero time (4 1,45). The 
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standard deviation of the temperature rise 
was estimated to 0.01 AT. Considering the 
uncertainty in the calorimeter heat capac- 
ity value, the standard deviation of the 
evolved heat AQ was about 0.033 AQ. 

cessing of the data by correlation, instead 
of the customary drawing of a smooth 
curve through the plot of the quotients 
AQlAn vs n by hand; 

The films were prepared from outgassed 
wires by direct evaporation and deposition 
on the calorimeter wall which was cooled 
to about 285 K by water flowing through 
the jacket. The total amount of impurities 
in the platinum wire used (Safina Vestec, 
Czechoslovakia) was estimated by mass 
spectrometry to 0.24%, the main compo- 
nents being tantalum (0.11%) and gold 
(0.09%). Hydrogen prepared by electroly- 
sis was purified by diffusion through a hot 
palladium thimble. 

b. to abolish altogether the said tradi- 
tional plotting and replace it by producing 
a plot of the liberated heat EAQi = Q vs 
the adsorbed amount EAni = n, and to fit 
this integral curve by a correlation which 
is then differentiated. 

Method of Treatment of 
The Experimental Data 

In the calorimetric determination of 
heats of adsorption of gases on solids, veri- 
fication of the reliability and objectivity of 
the results presented is often lacking. Tra- 
ditionally, each point for construction of 
the required differential heat-coverage 
curve is obtained by dividing the liberated 
heat AQ by the number of moles An ad- 
sorbed from the admitted dose. The re- 
sulting point in the AQ/An vs n plot is lo- 
cated in the center of the corresponding 
increment An. A smooth curve is then 
drawn through the points, often with con- 
siderable arbitrariness. Due to limited re- 
producibility, more or less differing curves 
result from the individual experiments in 
the same system. Usually, an average 
curve is drawn through all the experi- 
mental points, again in a more or less arbi- 
trary way (5,40,46-49). Sometimes, the 
plot of the quotients AQ/An vs a is pre- 
sented without fitting it at all (27,45,50,51). 

The common principle of both the ap- 
proaches is to fit the raw experimental data 
with an analytical function f(n) of the ad- 
sorbed amount, and to estimate quantita- 
tively the reliability of this correlation. 
Only in exceptional cases is a theoretically 
based function f(n) available for the plots 
of AQlAn vs n or of CAQ, vs CAni. 
Mostly we have to find an empirical corre- 
lation approximating sufficiently the true 
relationship throughout the experimental 
range. The correlation should be suitable 
from both the standpoints of a satisfactory 
fit and of a convenient way of treatment 
when estimating its reliability. Besides a 
good fit the first requirement implies also 
narrow confidence intervals for the adjust- 
able parameters in the correlating function, 
which amounts to the choice of a function 
with the least number of estimated coeffi- 
cients. The second requirement calls for a 
form of the function which allows one to 
estimate the optimal parameters from a 
system of ordinary linear equations. 

Our present calorimetric data could be 
well fitted by the power series 

To introduce more objectivity and accu- 
racy into the treatment of the experimental 
calorimetric data, we have examined two 
approaches: 

and therefore here we shall restrict our- 
selves to it, having either 

AQlAn = 5 aini 
i =0 

a. to apply standard methods of pro- or 

f(x) = 2 UjXi 
i=ll 

(1) 

(in the case of the quotients plot), 
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Q(n) = 2 bini (2) 
i=O 

(in the case of the integral curve). 

In Eq. (2), the theory requires b. = 0, 
because Q,=, = 0. However, it is with ad- 
vantage to retain the b, term to see 
whether the correlation is consistent with 
the said theoretical requirement even in 
the experimentally uncovered range of low 
coverages. If the reliability tests show b, 
significantly nonzero, the correlation 
breaks down at some low coverage. This 
signals either that the adsorptive proper- 
ties change in the uncovered range, or that 
some parasitic effects impair the first ca- 
lorimetric data due either to the adsorption 
outside the studied sample or to an interac- 
tion of the admitted gas with some residual 
impurity (52,53). In our experiments with 
hydrocarbons (38) a correction accounting 
for the independently measured amount of 
gas trapped in the cold traps brought the 
nonzero value of b, to zero. 

The quotients AQ/An in Eq. (1) are 
unbiased estimates, but subject to large 
errors. In the present case, the standard 
deviation s, for An has been about 
8 X 10eg mole, the standard deviation sg 
for AQ has been 0.033 AQ, and the 
average dose lo-’ mole. This gives the 
average standard deviation s of AQlAn 
about 0.086 (AQlAn), due almost entirely 
to s, and increasing nearly linearly with 
decreasing An. Strictly, AQlAn is an unbi- 
ased estimate of the sought differential 
heat dQ/dn in the middle of the interval An 
for a linear dependence of dQ/dn on n 
only, but the scatter in the quotient value 
makes this source of error significant only 
exceptionally. 

On the other hand, the quantities Q(n) in 
Eq. (2) consist of the sums ZAQi, so that 
the standard deviation s of Q(n) increases 
approximately with the square root of the 
number k of terms in the sum, 

s = 0.033 (i (AQi)z)1’2. 

Moreover, differentiation of Eq. (2) in- 
troduces an additional uncertainty. 

The right sides of both Eqs. (1) and (2) 
contain quantities subject not only to con- 
siderable errors in An, but again to the ef- 
fect of summation. (In our present case, 
the summation effect in An is less pro- 
nounced than in Q(n), because on average 
three doses were taken from the same 
store.) Thus the correlation both of 
AQlAn and of Q(n) to an exact value of n is 
uncertain. This uncertainty is somewhat 
larger for Q(n), because random and inde- 
pendent errors in AQ and An can accumu- 
late in the same directions and shift Q(n) 
with respect to n. 

It follows from the outline given that the 
applicability of standard methods for es- 
timates of the reliability of the fit, based on 
the assumed gaussian distribution of dif- 
ferences between the introduced data and 
their estimates from the correlation, is not 
quite obvious due to the high value of s,, 
the inconstancy of the error in Q, n and 
AQlAn, and finally due to a possible de- 
pendence between two neighboring errors, 
which may arise by the summation. These 
factors may cause the confidence intervals 
for the overall fit and for the estimates of 
the parameters to be appreciably larger 
than would be indicated by the estimate of 
the standard deviation of the fit. To eluci- 
date this problem, model computations 
were performed, with numerical values tai- 
lored to the present experimental data. To 
the starting quadratic relationship between 
Q and n, with a nonzero bo, random gaus- 
sian errors were assigned, forming thus 9 
independent sets, each with 10 pairs of en- 
tries. Processing of the data by the correla- 
tions (1) and (2) gave the following major 
results: 

a. The Quotient Correlation (I) 

The linear correlation was throughout 
satisfactory, the quadratic one giving no 
significant improvement. The differences 
between the entries and the best-fit value 
were random and consistent with the hy- 
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pothesis of a constant variance of the fit 
over the whole range of n. If b, is not very 
high and the experimental points not too 
few, or if a corrected entry for the first 
quotient is used, the standard deviation of 
the fit is only insignificantly higher than 
that predicted without accounting for the 
summation error in n, so that standard 
processing can be performed safely. 

b. The Integral Correlation (2) 

Due to appreciable interactions between 
the summed quantities XAQi and XAni a 
higher reliability of the fit is simulated than 
is actually the case. Therefore, the crite- 
rion for the simplest satisfactory correla- 
tion should be the standard deviations of 
the parameters, not the variance of the 
overall fit. For rejection of such a correla- 
tion, a wider margin is necessary than 
follows from standard methods of estima- 
tion. The scatter of the deviations was 
consistent with the hypothesis of the ran- 
domness. The differences between the 
quantities dQ/dn calculated from the quad- 
ratic fits and the true values had a scatter 
about twice as large as indicated the stand- 
ard deviations of the best parameters bi, 
and a little larger than with the correlation 
(1). Though statistically insignificant, this 

effect is probably realistic and due to the 
synchronized errors in the summed Q and 
n values. 

In summary, Eq. (2) represents a sub- 
stantially better correlation than could be 
obtained by integration of Eq. (1). More- 
over, it gives an estimate of the integration 
constant b,,, which besides its usefulness 
mentioned above can serve to correct the 
first quotient AQlAn and thus to improve 
the fit [Eq. (I)]. Further, the correlation 
(2) indicates whether a pronounced depar- 
ture occurs in some region from the course 
of dQ/dn vs n, thus enabling one to correct 
the quotients according to (dQ/dn),,k = 
AQrilAnk - b,(An,/2)” - . . . . By com- 

paring the standard deviations for a, and 
ibi, the actual reliability of the correlation 
(2) can be estimated. 

RESULTS 

Four platinum films were prepared for 
the present study (Table 2). The heat liber- 
ated by successive doses was measured 
until a coverage was attained at which the 
residual pressure of 1 - 2 x 10e4 Torr was 
measured in the gas phase by the Pirani 
gauge. The corresponding adsorbed 
amount is denoted as n*. Further admis- 
sion of hydrogen resulted in a continuing 

TABLE 2 
CHARACTERISTICS OF THE PLATINUM FILMS AND OF THE ADSORPTION OF HYDROGEN 

Film No.: 1 2 3 4 

Wt (mg) 
Time of evaporation (min) 
Mean rate of condensation x lo-*” 

(atom min-’ cmmL) 
Thermal treatment (K) 

(min) 
Vacuum during evaporation (Torr) 
Vacuum during thermal treatment and preparation 

of the first dose (Torr) 
Time from the end of evaporation 

to the first dose (min) 
to the last dose (min) 

Number of doses up to n* 
n” per 100 mg of the film @moles) 
Integral heat of adsorption between n = 0 and 

n = n’; (kcal mole-‘) 

65.5 55.0 47.5 42.5 
43-l 290 540 120 

4.6 5.9 
335 335 

35 60 
1 x 10-g 2-4 x lO-y 

1 x IO-” 

297 298 290 190 
518 533 580 598 

14 11 10 14 
2.10 2.06 2.08 2.14 

16.4 17.3 17.2 17.3 

2 x IO-9 

2.7 
335 

5 
2-4 x 10-y 

4 x 10-g 

11.0 

2-4 x IO-$ 

1 x 10-9 
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uptake by the film with liberation of heat. 
Determination of the heat, however, be- 
came difficult because the increasing equi- 
librium pressure led to an appreciable 
transport of heat between the calorimeter 
and the cold traps via the gas phase. 

Regressional Analysis of 
the Integral Curve 

The integral curves resulting from all 
four experiments can be well fitted by the 
quadratic equations. The best parameters 
bi, their standard deviations si, and the 
overall standard deviation s of the quad- 
ratic fit are given in Table 3. Also in- 
cluded are the number of moles n, corre- 
sponding to the nonzero value of bO, and 
the number of moles $& obtained by cor- 
recting the experimental value of it* for 
the amount rzO. 

With all four films, cubic correlations 
give but insignificantly lower standard de- 
viations along the fitted curves, and the 
coefficient b, is significantly nonzero with 
film 1 only. With all four films the standard 
deviations of b, and bS are lower for the 
quadratic fit than for the cubic one. These 
facts, along with the differences in the val- 
ues and even in the signs of the coeffi- 
cients b2 for the particular experiments if 

TABLE 3 
RESULTS OF THE REGRESSIONAL ANALYSIS 

OF THE INTEGRAL CURVES 

Film No.: 1 2 3 4 

ho -0.2336 -0.2950 -0.3032 +0.1255 
Sh 0.0478 0.0904 0.0391 0.0323 

b, 21.9948 22.6063 21.2198 19.2345 
SD, 0.1502 0.2947 0.1668 0.1489 

b, -3.9795 -4.4136 -3.7125 -2.2932 

sb* 0.1019 0.2158 0.1505 0.1495 

n, (rmoles) 0.0106 0.0131 0.0143 -0.0065 
nr;,, bmles) 1.3656 1.1190 0.9724 0.9170 

cubic correlations are applied, indicate that 
the quadratic fit should be preferred in all 
four experiments. Thus linear dependences 
of the differential heat of adsorption on the 
adsorbed amount are obtained, with the 
initial heats of 22.0, 22.6, 21.2 and 19.2 
kcal mole-’ in Expts l-4, respectively. 
The differential curves obtained by dif- 
ferentiation of the equations fitted to the 
corresponding integral curves, are pre- 
sented in Fig. 1. For comparison, points 
obtained by the traditional method of plot- 
ting the quotients AQlAn vs n are shown 
in Fig. 2. 

As shown in Table 3, the first three 
experiments give fairly similar results; 

1 0 a2 04 06 0.8 1 

YG.2, 
FIG. 1. Differential heat-coverage curves obtained by differentiation of the fitted integral curves for films 

1, 2, 3 and 4. 
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AC4 
[kcal mole"] 

I 
0 a2 01. 0.6 0.6 I 

"/n*ww 

FIG. 2. Plot of the quotients AQ/An vs n. Film: (a) 1; (0) 2; (0) 3; (0) 4. 

whereas Expt 4 differs significantly. The 
coefficient b,, is negative in Expts 1, 2 and 
3, indicating an initial uptake of 
1.0-I .5 X 10mR moles of hydrogen outside 
the film. With film 4, however, b,, is posi- 
tive. 

Regressional Analysis of the Curve 
Fitted to the Quotient Plot 

As discussed in the outline of principles 
of the data processing, the standard devia- 
tions si of the integral correlation simulate 
a lower variability than the true one. To 
obtain better estimates, linear regression of 
the quotients was performed. The first 
quotient in each experiment was corrected 
for the value of n, obtained from the es- 

TABLE 4 
RESULTS OF THE REGRESSIONAL ANALYSIS 

OF THE QUOTIENT CURVES 

Film No.: I 2 3 4 AV 

21 5115 21.9879 21.1948 19.2670 

0.3708 0.5656 0.2977 0.4408 

-7.4067 -7.6398 -7.7547 -4.3823 

0.4984 0.7802 0.5431 0.9054 
0 7136 0.8619 0.4873 0.7917 

-10.1146 -8.5489 -7.5407 -3.9900 

2.4687 1.9192 1.7848 2.9604 2.2833 

2.4455 1.8077 1.8043 3.0281 2.2714 
2.4571 1.8634 1.7945 2 9942 2.2773 

timate of b, in the corresponding integral 
curve fit. The results are summarized in 
Table 4. As required, the correlations of 
the quotient curves and of the integral 
curves give fairly coinciding values for a, 
and &, and for az and 26, in the particular 
experiments. The variances indicated by 
the standard deviations are, however, 
clearly higher with the regression of the 
quotient curve than of the integral curve. 
In both cases, the overall deviations along 
the fitted curves do not differ significantly 
for the individual experiments, as shown 
by the F test. Hence, the accuracy in es- 
tablishing the individual points is about the 
same with all the four films and the joint 
standard deviation equals 0.1047 with the 
integral curve fit, and 0.7308 with the quo- 
tient curve fit. 

The F test reveals that the differences in 
a, are not significant among films 1, 2 and 
3, whereas al for film 4 differs signifi- 
cantly. Thus the initial heat of adsorption 
is probably much the same with films 1, 2 
and 3, viz, 21.5 1 0.5 kcal mole-‘; 
whereas with film 4 it is significantly 
lower, viz, 19.3 Z? 0.9 kcal melee’. Even 
more interesting is that also the values of 
u2, i.e., the slopes of the linear decrease in 
the heat, represent estimates of the same 
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true value with films 1, 2 and 3 ; whereas 
with film 4, a, is clearly lower. 

Further Analysis of the Variance 
in the Integral Curves 

To gain further evidence on whether the 
initial heats and the slopes of their linear 
decrease with coverage are the same in 
Expts 1, 2 and 3, three models were exam- 
ined. 

Model 1. Values obtained for bO, 6, and 
bf in Expts 1, 2 and 3 represent estimates 
of the same true values. 

Model 11. Values obtained for b, and for 
bl (the initial heat) in the three experi- 
ments represent estimates of the same true 
values, whereas the coefficients b, (the 
slopes of the heat decrease) differ in the 
individual experiments. 

Model III. Values obtained for b, and 
for b, in the three experiments represent 
estimates of the same true values, whereas 
the parameters b, (the initial heats) differ. 

Analysis of deviations in the particular 
models showed that models I and II gave 
appreciably higher deviations along the 
correlation curve than did model III. Thus 
the main contribution to the variability in 
the three experiments results from the 
variance in b,. This was further confirmed 
by a detailed analysis of variance. 

Finally, analysis of the integral curves in 
pairs was performed, i.e., deviations along 
the fitted integral curves for the doublets 
of experiments (1 and 2; 1 and 3; 2 and 3) 
were compared. A high coincidence was 
obtained for films 1 and 2, whereas the 
results with film 3 were somewhat dif- 
ferent. 

DISCUSSION 

Two factors should be considered when 
seeking an interpretation of the results ob- 
tained: the extent of possible contami- 
nation of the films, and their surface struc- 
ture. 

The shortest time of evaporation, no 
thermal treatment, and the shortest in- 

terval between the end of evaporation and 
admission of the first dose, suggest that the 
danger of contamination of film 4 is less 
than with the other three films. This seems 
to be corroborated by the positive value of 
b, found for film 4, which could result from 
the occurrence of some especially active 
sites on the surface. Thus higher cleanli- 
ness of the surface might provide an expla- 
nation for the lower initial heat on film 4. 
A similar observation was reported for the 
heats of adsorption of hydrogen on very 
thin films of titanium (54) and of nickel 
(55). Our recent calorimetric measure- 
ments with the molybdenum-hydrogen 
system also have brought lower heats on 
cleaner films (56). 

On the other hand, a preliminary experi- 
ment with a film in a vacuum of about 
4 x 10es Torr gave results coinciding well 
with the heats obtained in the 1O-g Torr 
region. This appears to weaken the hy- 
pothesis that the differences in the heats 
found with the particular films are due to 
different degrees of surface contamination, 
but it is probably not an argument suf- 
ficient to rule out the suggested explana- 
tion. 

Since no data on the surface area and 
other structure characteristics of the stud- 
ied films are available, a discussion of the 
possible effect of the structure on the mea- 
sured heats of adsorption can only be 
speculative. Thermal treatment of the film, 
its thickness (weight), and the rate of its 
condensation have been considered as the 
factors which could influence its structure 
and thereby the heat obtained. As ex- 
pected, no effect of the applied thermal 
treatment has been found. The apparent 
relation between the film weight and the 
slope of the heat decrease (the thicker the 
film, the more pronounced is the heat fall 
and the lower is the heat at n”) does not 
seem to be convincing in view of rather 
small differences in the weight of the indi- 
vidual films and markedly different rates of 
condensation. The relation between the 
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rate of film condensation and the heat of 
adsorption might be more meaningful. An 
explanation for the lowest heat being ob- 
served with film 4 which was condensed at 
the highest rate could be that this film has 
the lowest number of high-index planes ex- 
posed to the gas phase. Because high- 
index crystal surfaces of platinum were 
shown to consist of low-index terraces 
linked by steps (.57), and the interaction of 
chemisorbed gases with stepped surfaces 
is much stronger than with low-index 
planes (58), film 4 should have the lowest 
initial heat of adsorption, as actually 
found. In view of the mobility of hydrogen 
on platinum at room temperature (3), the 
fall of the heat when the coverage in- 
creases can be understood at least partially 
in terms of mobile adsorption on a hetero- 
geneous surface [some considerations 
referring to this have been published re- 
cently (5)]. Therefore, the slower fall of 
the heat obtained with film 4 could suggest 
a lesser surface heterogeneity of this film. 
However, this tentative interpretation 
should be tested by the study of the actual 
surface structure of the investigated films. 

It should be also noted that the integral 
heat in the studied range of the surface 
coverage, and the value of n* referred to 
unit weight of the film, do not differ with 
the four films. Again, a positive value of b, 
was found with film 4, which could result 
either from some unknown parasitic reac- 
tion of the hydrogen or from the existence 
of some particularly active sites on this 
surface. The latter alternative would evi- 
dently contradict the suggested hypothesis 
of the lesser heterogeneity of film 4. 

Further work is required to clarify the 
effect of surface contamination and of the 
surface structure on the heat of hydrogen 
adsorption. Along with the different relia- 
bility of the various methods used to ac- 
quire the heat values, these two factors 
undoubtedly cause the diversity in the heat 
of adsorption of hydrogen obtained hith- 
erto on various forms of platinum. 
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