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Studies have been made of the measurement of metal surface areas of platinum catalysts 
supported on molecular sieve, using a gas chromatographic pulse technique and thermo- 
desorption. It has been found possible to identify conditions where carbon monoxide chemi- 
sorbs on platinum and not on the support. The values of metal surface areas measured under 
these conditions agree well with metal surface areas determined by chemisorption of hy- 
drogen and of oxygen and by direct electron microscopic examination. The results indicate 
that 0.55 molecules of carbon monoxide are adsorbed per platinum surface atom, a value 
that suggests the gas is mainly bridge-bonded under the conditions of measurement. 

INTRODUCTION 

The measurement of metal surface areas 
of supported metal catalysts by the ad- 
sorption of carbon monoxide posts several 
difficulties. Although carbon monoxide is 
usually adsorbed sclcctivcly by the metal, 
it is well known that both one and two 
site adsorption can occur (l-4), the gas 
being adsorbed either in a linear (CO :me- 
tal = 1) or a bridged (CO:mctal = 0.5) 
form. As a further complication, Grubcr 
(4) has established that the pcrccntagc of 
bridged carbon monoxide is a function 
of metal dispersion, a fact confirmed by 
Dorling and Moss (5). 

The determination of metal surface arcas 
of newer types of reforming catalyst can 
also be difficult. Where the metal is sup- 
ported on a molecular sicvc, carbon 
monoxide can adsorb on the supported 
metal as well as on the support (6). The 
present studies have been conccrncd with 
the mcasurcmcnt of metal arcas in such 
systems, using a 0.3y0 Pt on molecular 
sieve 5A catalyst which had been well 

characterized in a previous study (7). The 
previous work involved the characteriza- 
tion of the catalyst by electron microscopic 
examination, by chcmisorption of hydrogen 
and oxygen and by hydrogen-oxygen ti- 
tration. Attention was paid to the pre- 
treatment procedure necessary to clean the 
catalyst: this involves reduction with hy- 
drogen followed by careful dcgassing (7). 

Cleanliness of the metal surface is also 
required when the surface reaction bc- 
twccn chcmisorbcd oxygen and carbon 
monoxide is used t’o mcasurc the platinum 
surface area (8). Choice of carbon mon- 
oxide for adsorption was made to avoid 
at lcast part of this problem, in that 
hydrogen has been reported not to interfere 
with the chemisorption of CO (9, IO). 

The adsorption of CO on platinum has 
been studied by many workers (11-14). 

The objective of the present work was to 
develop a practical method for measuring 
surface area and no assumption was made 
as to the type of carbon monoxidc-plati- 
num bonding. An indication of the results 

150 

Copyright @ 1977 by Academic Press, Inc. 
All rights of reproduction in any form reserved. ISSN 0021-9517 



CHEMISORPTION ON SUPPOI~TITI) PLATINUAI. II 151 

FIG. 1. Scheme for location of the experimental temperature for measurement of the specific 
surface of platinum in Pt-molecular sieve material by CO chemisorption. 

to be expected can bc obtained from the 
work of Hightower and Emmett, (15) who 
found that one molecule of chcmisorbcd 
carbon monoxide covers 16.2 A2 of plati- 
num surface, which rrcalculat~ed gives CO/ 
Pt surf = 0.55. 

EXPERIMENTAL METHODS 

The experimental equipment and pro- 
cedure has been described previously (7). 
The most significant change n-as in the 
pretreatment procedure where more severe 
reduction conditions were applied. The 
sample for carbon monoxide measurements 
was usually exposed to 100 ml HJmin, 
at 485°C for about 14 hr, in order to 
obtain a stable state of platinum crystal- 
litcs within the range of experimental 
conditions applied. A pulse technique was 

used and the amount of carbon monoxide 
in t,hc pulse was in cxccss of that needed 
t,o saturate the sample. Calibration of the 
catharometcr for CO was made for every 
cxpcrimcnt. After t,hc chcmisorption mca- 
surcmcnt was carried out, carbon mon- 
oxide was desorbcd from platinum by 
thcrmodcsorption. 

l<ESULTS AND DISCUSSION 

Carbon monoxide was found to adsorb 
both on platinum and in molecular sicvcs 
at room temperature, and attention was 
directed at establishing conditions where 
dcsorption from the support was favored 
while gas remained adsorbed on the metal. 

The theorct’ical basis of the approach 
can be discussed with t,hc aid of Fig. 1. 
In this model, t,hc strength of adsorption 

FIG. 2. Profile of t,hermodesorption of carbon monoxide adsorbed at rwm temperature on 5A-0.3. 
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TABLE 1 

Chemisorption of Carbon Monoxide on 1 .X!M g 
of 0.3% Pt-Molec. Sieve 5A 

Temp 
(“C) 

300 
325 
350 
375 
275 
250 

Amount of CO (~1) 

Injected Retained Thermodes. 
(CO diff .) (485OC) 

105 52 33 
109 49 23 
85 40 -a 

93 38 8 
255 68 41 
222 86 49 

a After the carrier gas was flushed over the catalyst 
overnight the thermodesorption up to 485’C gave 
3.5 fil co. 

is assumed to vary linearly with coverage 
and irreversible adsorption is t,akcn to bc 
that gas which is not cluted within 12.5 
min (16). For injection of t#hc same amount 
of CO, the fraction of reversibly adsorbed 

gas V,,, will incroaw wit,h temprrature 
along the line AB (T, > T, > T,) until 
t,hc point where all bhe gas adsorbed on 
the carrier can be drsorbcd. As the ttm- 
poraturc is incrcascd still furt,hcr, dcsorp- 
tion from the metal starts to bc important 
(C) . Of course, in a real system, cant inuous 
variation of adsorption strengths is un- 
likely, and this model is only descriptive. 

Initial experiments carried out at, room 
temperature showed that adsorption of 
carbon monoxide occurred on bot,h the 
mct’al and the carrier. The emergent pulse 
was spread over some 35 min, with a peak 
at a rctcntion time of 22 min: at least 
some gas was rct,aincd. The tempcraturc 
of the catalyst was then increased slowly, 
and the dcsorbed gas rccordcd as a func- 
tion of temperature (Fig. 2). The existence 
of adsorbed gas with differing heats of 
adsorption is clearly seen. After emergence 
of the tail of the room tcmpcrature dc- 
sorpt,ion (Fig. 2, ab), a small peak cmcrged 
at about 100°C. The temperature was thchn 
held constant at 170°C for 8 min, when 
a second peak (Fig. 2, peak 2) cmcrgcd. 

l’h(h tcmpcwt,urcl was t8h(bn incwnwd t,o 
4S5”C in slow st,agw: during this incwaw, 
a major pctak \vas found t,o dwlop 
(peak 3). 

A sample of molecular sieve 5A was 
then trcatcd with ammonium chloride 
under the same conditions as the catalyst 
was normally prepared from platinum 
ammonia chloride complex [Pt (NH,)&L] 
and used in t,hc adsorption rig. Two 
st,rongly adsorbed forms of carbon mon- 
oxide were obwrvcd, dcsorption of the 
st,rongclst (ca. 3% of the tot>al) being com- 
plctc by ca. 200°C. 

As a result of this finding, CO adsorp- 
tion on the cat,alyst was studied at tcm- 
prratures great,crr than 200°C by passing 
pulses of gas over the catalyst at various 
adsorption tcmpcrat,urcs. The diffcrencc 
between injoctc>d and clutnd carbon mon- 
oxide was wcordcd as retained volume 
(Table 1). Thr catalyst was then hratcxd 
rapidly to 485°C and the amount of gas 
desorbed recordrd (t’hcrmodesorbed vol- 
ume). The rcxsults arc summarized in 
Table 1. 

Full saturation of the catalyst by CO 
at 300°C was shown by the fact that 
changes in injcctcd volume had little cffcct 
on t,hc total volume ret,ained (Table 1). 
The recovcrablc gas volume was found to 
decrease with increasing tcmpcrature, with 
the thrrmodesorbcd volume always being 

TABLE 2 

Chemisorption of Carbon Monoxide on 1.8920 g 
of 0.3y0 Pt-Molec. Sieve 5A 

Temp 
(“C) 

175 
200 
200 
200 
220 
225 

Amount of CO (~1) 

Injected Retained Thermodes. 
(CO diff.) (485%) 

206 97 78 
316 89.6 69.5 
133 96 69 
263 85 72 
241 80 72 
169 84 61 



CHEMISORPTION ON SUPPOR.TED PLATINUM. II 153 

less t,hsn t,he rc+,ainod volumt~. Squent~ial 
mcasurcmc~nt of adsorlwd gas at low tc91- 
peraturcs, high tcmpwaturcls and low 
tcmpcraturos showed t#hat blocking of the 
surface (for cxampl~, by carbon forma- 
tion) could occur, but, was not rwponsiblc 
for morcb t,han 2% of th(> obwrwd diff(wnw 
c~xwpt, at high(>r t,cmpcztt8urcLs. 

As n result of t,his finding, at,tclntion nns 
dirwtcld at adsorption at, lowr ttmp(tra- 
t,urcs and the possibility of using the gas 
clmwging as pc>ak 2 (Fig. 2) was c~xplorc~d. 
IMailcd rcwlts of c~xpwimcnts carried out, 
with t,h(t rclact80r maintainc~d nwr to 200°C 
arc’ rc>portc>d in Table 2. It is sw11 that, t,hc 
rctaincd volume is always grclat,t>r than the 
thcrmodworb(td volum(~, but, that thr Iattw 
is rrmarkahly constant for adsorption tttm- 
pcratuws in t,h(l range’ 200-220°C. Ad- 
sorption at 175°C is almost certainIS 
affcct,cd by adsorpt,ion on thr support,, and 
it is suspcrtcd t,hat tailing in th(b p&s 
used t,o calculate the rct,ainc~d volume> 
results from thr same cauw. As a con- 

wywnco, thwmodewrb(~d volumes wre 
uwd t,o calculate the ratio of CO adsorbrd 
t,o tot’al plat,inum (Table 3). The valws 
wcrc found t,o br brtn-ccn O.lO;i and 0.110. 

Previous stud& of the catalyst using 
rlectron microscopy have sho\\n that the 
plat,inum crystallitcs have a mean diamc$cxr 
of 46 K, giving a ratio of Pt8,,,r/Pt,t,,t of 
0.2 f 0.02 depending on the geomc%ry 
assumed (7). On this basis, thr CO/Ptj,,,f 
rat,io is found to bc 0.53 f 0.02, in good 
agrcwmc~nt wit,h t,h(l valw of 0.55 wportjcld 
by Hightowr and Emmett (1,5). 

Liquid CO has a density of 0.793 g/ml 
and one molcculc of t,hc liquid will occupy 
5S.G K3. Assuming a. cub(>, this means that, 
the area covered by OIW molcculc is 15.1 bz. 
Now the prctscnt m(~asurem~~nts show that 
t,hcrc are 0.55 molwulcs of CO/R which 
gives an area cowred pw molecule of 
0.55 X 15.1 = 8.5 ii’, a value to comparc 
with t#hc surfaw arca of a Pt of 8.9 K2. 
This is intcwsting to note, although this 
calculation is npproximatc~, since the ad- 

TABJ,IS 3 

Adsorption Ratios Giving a Measure of 

the Platinum Surface Arett” 

Temp 

(“C) 
Adsorbate/P&t 

200 0.106 0.193 
200 0. IO*> 0.192 

200 0.1 10 0.200 
220 0.110 0.200 

B From Table 2. CO/P& calcd on the basis of CO 
adsorbed on total platinum as measured by thermo- 

desorption. Ad~orhale/Ptc,t calcd from the CO ad- 

sorption results, but on the basis of 1 adsorbate 

molecule/surface I’t molecule and assuming CO/ 
R,“,f = 0.55. 

sorb(ld gas will be clowr packrd than ft 
liquid. The valw obtaiwd (CO/Pt,,,f 
= 0.55) is in wasonablo agrccmcnt, with 
carbon monoxidr adsorbrd on 2 Pt atoms 
in crystallit8c~s in which the st80ichiomcktry 
may btk diff(wnt, at, the cdgcs and corners 

(1, 17). 

Using the ratio of CO/Pt,,,,r of 0.55, 
the ratios of adsorbat,c/Pt,,,,t wrc calcu- 
lated (Table 3) from the CO/Pt,t,t value 
on the basis of a st,oichiomet8ry of one 

adsorbak molcculc p(‘r OIW surface Pt 
mokculc. These arc comparable with 
values of O/P&, and H/P& mcasurcd 
cxpcrimcnt,ally on thr same catalyst) in 
which t,ht: st,oichiomctry is one (7). The 
agrcwwnt rcwrdr>d (CO adsorption and 
the CO/Pt>,,,r = 0.55 model giws 0.196 
& 0.004; 02 adsorption gives 0.17 =t 0.02; 
H:! adsorption gives 0.17 f 0.01) supports 
the contcwtion that, t,hc mc$hod dcvclopc~d 
gives a irwasurc only of the mct,nl sur- 
face area. 
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