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ON THE ADSORPTION OF CARBON 
MONOXIDE ON 

PLATINUM CATALYST. 

By Takao KWAN. 

For elucidating the mechanism of contact catalysis it is necessary to 
have information on the adsorbed state of the reactant. As regard to 
that of hydrogen on the metallic catalysts investigated hitherto by many 
workers the conclusive evidence has been obtained for the existance of 
hydrogen atoms on the catalyst's surface. As to the adsorbed state of 
the other reactants only few data are available even with such simple 
molecule as carbon monoxide or carbon dioxide. 

Among these carbon monoxide might be one of the most interesting 
reactant both from the fundamental and industrial point of view, inas
much as it yields by hydrogenation, notwithstanding so simple a structure, 
such variety of product at varying condition of the reaction, as those of 
Fischer-Tropsch synthesis for hydrogenation, methanol synthesis etc. 

With regard to the former reaction KOJ)/UIA and co-workers1\ pro
posed from the kinetical investigation that carbide was formed by the 
dissociation of carbon monoxide into carbon and oxygen atom in contra
diction to CRAXFORI'''), 

According to BEECK and co-workers:) who observed the relative amount 
of adsorption of various gases to that of carbon monoxide on nickel film 
found that the latter is twice as large as that of hydrogen suggesting 
that carbon monoxide molecule as well as the dissociated hydrogen atom 
occupies one adsorption site on the surface or that carbon monoxide is 
adsorbed without dissociation, 

The present author has previously investigated the adsorption of 
hydrogen on reduced nickel, cobalt and platinum and concluded having 
recourse to the statistical mechanical method that each of metal atoms 
on the catalyst's surface are equally capable of adsorbing a dissociated 
hydrogen atom'), Extending the latter conclusion it may be assumed 

1) MAT~I'~ICHA, K()DA~L\ and TARA~IA; J. Ind. Chern. Soc .. Japan, 4:, (1940) 420. 
2) CR\XPORJ); Trans. Far. Soc., ~~5 (19;19) H4o. 

:)} BEECK, S~Il'I'1I and \\' 1I1-;"I.OH; Proc. Roy. Soc., 177 (I1)40) 64. 
4) K\u" and 17.l'; "Catalyst" 4 (lV·18) :1:J, H written in ,Japanc'Su. 
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that every metal atom at the catalyst surface behaves physically identical 
even in the case of carbo:1 monoxide adsorption. 

On the basis of the assumption the adsorbed state of carbon monoxide 
on platinum catalyst is investigated in the present work by the similar 
method by determining the adsorption isotherm with special precaution 
for the thermodynamical equilibrium. 

Materials and Experimental Procedure 

Carbon monoxide; Carbon monoxide was prepared by dropping 
formic acid from the dropping funnel into an evacuated flask containing 
concentrated sulphuric acid at 90'-100'C and passed throu a trap immer
sed in liquid air and then stored in a l'eservoir which was beforehand 
highly evacuated. 

Platinum black; 0,93 gr platinum black once used for the hydrogen 
adsorption was used here again. 

The apparatus and the procedure for measurement of the adsorption 
was quite the same as those described in the foregoing paper. 

Experimental Results 

Measured quantity of carbon monoxide was admitted into the reac
tion vessel containing the platinum catalyst and maintained at a desired 
temperature. Although the 
adsorption rate was fairly 
rapid as in the case of hydro-
gen, the equilibrium pres-
sure was determined about 
20 hours after admission by 
approaching both from des-
orption and adsorption side 
similarly as in the previous 
case. Typical result is shown 
in Fig. 1 by the plot of the 
observed pressure against 
time elapsed along with occa
sionally varied temperature 
shown by annexed figures. 

20 hr 

Fig. 1 

""J'"" " 220' .~200· 

I ~O· 

18 

Reversibility of carbon monoxide 
adsorption on platinum catalyst. 

After the equilibrium was thus attained and appropriate pressure 
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was read off additional portions of carbon monoxide are admitted succes
sively into the reaction vessel and the corresponding equilibrium pressure 
were similarly determined in each case. The reversibility of the adsor
ption was assured over the whole l'ange of adsorbed quantity although 
this was not the case with nickel or cobalt or iron at a lower adsorbed 
quantity.S) 

Calculating now the adsorbed quantity from the equilibrium pres
sure and the known quantity of admitted gas, adsorption isotherms were 
worked out at 180', 200:, 220', 280' and 300'C and at pressures lower than 
1 mm Hg. The result is shown in Fig. 2. 

180' 

9 
0 

Q 
0 

\ Q , 
rf 

o " 

220' 

280 

3(\0 

The observed isotherms were 
found to be expressed by Freund
lich's adsorption formulae as that, 

x = CPII'" , n = 2.7 

where x is the adsorbed quantity and 
P the equilibrium pressure. 

The reported ready decomposi
tion of carbon monoxide in the pre
sence of metallic catalysts into carbon 
and carbon dioxide has not taken 
place as shown by the following con
trol experiment. 

The U-tube connected directly to 
the reaction vessel and immersed 
into liquid air during the adsorption 

measurement was now dipped after that into an alcohol bath cooled at 
-80C. No pressure increases above that due to the relevant thermal 
expansion was observed showing that the evolution of carbon dioxide and 
hence the appropriate decomposition may be practically ignored in the 
present case. 

j - -~ log P mm Hf: 

~----~---"-",. 
rig. 2 Adsorption is~tl1erm of ~arbon 

monoxide on platinum black 

Differential heat of adsorption /e was derived from the usual ex-
pression, 

le = RT" (il}og _P-) 
dT " 

seperately from the isotherms at 280'8 and 300'C on one hand and from 
those at 180', 200' and 220'C on the other hand inasmuch as the catalyst 

5) KW,\N and Izu; "Catalyst" 5 (l!J49) 4<l. 
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was treated with hydrogen at 350"C between the observation of the 
fO~'lller group of isotherms and that 
of the latter one and such procedure 
is known by experience liable to 
disturb the reproducibility of the 
catalyst's activity. The results are 
shown in the Table below. 

TABLE 1 Heat of adsorption of 
carbon monoxide on plati
num catalyst (KcaVmole) 

As shown by the Table J,; is 
affected neither by the temperature 
range at which it is determined nOr 
by x within the experimental error. 

xin CC 

From 
isotherms at 

28lJ' and ;3()() C 

[flO', 2()O" and 
220 C 

Statistical Mechanical Treatment 

0,039 0,0(;3 0,100 

11 11 III 

11 II III 

Adsorption isotherm of diatomic molecules a formed by atoms (~l and 
ii, is statistical mechanically derived introducing a set of function p, q 

and () due to HORli:Tli
) as follows; 

() qo a 
(1. 1) --

1-0 po(a) 

{} gOI'a) qo/a) .. 
(1. 2) - ~.- = 

1-20 pat a) po,la) 

where ~(a) denotes the molecule D, (~,(a) and (fja) dissociated atoms respe
ctively at the absorbed state. 

At adsorption equilibrium we have that, 

pO = po(a) 

or po = pOI'a) po,Ca) 

(2.1) 

(2.2) 

respectively for the case when cJ is undissociated or dissociated at the 
adsorbed state. In the former case we have from Eq. (1.1) and (2.1) 
as that, 

!! = qo(a) 

1-0 po 
(3.1) 

and in the latter as that, 

( 
8 )" = qOlla) go/a) 

1-28 po 
(3.2) 

",,) The 8 must be equal because of the stoichiometrical rillation for 01 and (le. 
5) H()HIl1TI; .J. Res, Inst, Catalysis, This Volume, (1948) 8, 
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Since p~ is however denoted from it's definition as that, 

Qa kTQ~ pO = ____ = __ _ 
Na p ( 4 ) 

where P is the pressure and Q the partition function, Eq. (3.1) and (3.2) 
are now respectively expressed as that, 

o _ qr,(a) P 
- -- --

1-0 kTQo 
(5.1) 

(
_0 __ )' = _-'1'Ol(a) q',J,'a) p 

1-28 lcTQ0 
(5.2) 

Eqs. (5.1) and (5. 2) are further transformed in a suitable form for calcu
lation respectively as that,-~) 

where 

JE 
NT 

e 

I" 

p RT 
c 

r'O _ 1-7' (2-::ndT)i 8-;;:"1kT(-1_ - kT)-l 1 
<c,!" - Ie _ e c 

h" sh" 

h; Planck constant 
k; Boltzmann constant 
s; Symmetry number 

(6.1) 

i,6.2) 

117, I and)); Mass, moment of inertia and fundamental frequency of 
gaseous molecule (~. 

qo(a" qo/a) and (/)c a); Function particular to the adsorbed state of a(a), 
I,!:)/( EO + l1zEv, 

6
j

( a.) and 6,(0.) denoted as qo lea) = h( 1 _ e--kTr
l 
e -- kT etc. 

where :;/s are frequency of normal vibration at the adsor
bed state. 

Taking now;] _ CO and assuming hJ.i, ~kT in q's and hence 

T~gqo(a) 

o (a) uT q e 1 , 

*cf. the foot note on P. 93. 
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the calculation of the covered fraction of the surface was carried out at 
temperature 300'C and at pressures 0,01 and 0,1 mm Hg using the ob
served heat of adsorption 11 Kcal'mole and the following molecular con
stants of carbon monoxide molecule respectively for Eq. (6. 1) and (6.2). 

g. em" * )) = 2168,80 cm -I -* 

On the other hand the covered fraction of the surface Doh" was de
termined from the adsorbed quantity and the surface area of the catalyst 
assuming every platinum atom on the surface equally capable of adsorb
ing carbon or oxygen atom. 

The particle size of pJatimlm black estimated by the diffuseness 
observation of the Debye-Scherrer pattern of the electron difhaction was 
found, as mentioned in the prE;vious paper'l, appreciably Emaller than 
that given by B.E.T. method although in the case of nickel the particle 
size estimated by either of the methods was found satisfactorily coinci
dent with each other. Without inquiring into the above discrepancy rJ",I' 
was calculated on the basis of 280 x 10' cm"! gr or the particle size 10 A 
due to the electron diffraction method as well as or 14 x 10' cm"/gr due to 
B.E.T. method assuming that 10' Pt atoms per square centimeter ate 
capable of adsorbing each one carbon or oxygen atom. The results are 
shown together with those given by statistical mechanical calculation in 
the following Table. 

TABLE 2 The relation between the equilibrium pressure 
P and the covered fraction 
T = 300'C , .. .'e = 11 KcaVmole 

- ------- - ------------~-~~=,===~ 

Eq~il_ Pre~~re mm Hg 1--
0-' Remark 

_-,=~1 co ~C(al+ 0(,,) 

Oobs 

1 

Electron diffraction 

B. E. T. 

0,01 

3 xIO- 4 

G XIO-1 
~-~~ -==~~.=~-----------

0,1 

10- 11 

3 xIO-r. 

7 xlO- 4 

10-J 

As seen from the Table assumed adsorbed state of COCa) fails 
exclusively to account for the experiment whereas C(a)+O(a) or th~ 

-*) SI'ONr;n; Molekulspektren, Berlin 193ti. 

G) K W.~N ; This Journal p. 89 
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dissociated state fits in with regard to the accuracy of the basic data; 
in .the case of undisso~iated adsorption Bob, shuld be different according 
as carbon monoxide occupies one or two Pt atoms but this makes no 
difference with the above conclusion. 

Conclusion is that carbon monoxide is adsorbed on platinum being 
dissociated into carbon and oxygen atom. 

In conclusion, the present author wish to express my sincere thanks 
to the Director of the Institute J. HOJ(H'TI for his kind interest and 
valuable discussion on this work. 

The Research Institute for Catalysis 
Hokkaido University 

Sapporo, Japan 
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