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The infrared spectra of CO and NO adsorbed on a supported bimetallic Ru-Pt sample 
(62 at% Ru) have been recorded. In addition, the stability of adsorbed CO to NO (g) and 
the stability of adsorbed NO to CO (g) have been determined using infrared spectroscopy. 
These studies reveal that there are both Ru and Pt surface sites present on the bimetallic 
Ru-Pt sample. The following band assignments have been made: for CO adsorbed on the 
Ru-Pt sample a broad asymmetric band at 2055 cm-l and a weak high frequency bank at 
2145 cm-1 are observed. The broad asymmetric bank at 2055 cm-l was found to have two 
components, a sharp band at 2055 cm-l assigned to u(co) for Pt-Co and a broad band on the 
low frequency side of this band assigned to u(co) for Ru-CO. The band at 2145 cm-l was 
assigned to I for CO adsorbed on a RuO surface site. For NO adsorbed on a bimetallic 
Ru-Pt sample two bands are observed in the infrared spectra, a strong band at 1805 cm-l 
assigned to Y(NOJ for Ru*--NO*+ and a band of medium intensity at 1590 cn-1 assigned to 
Y(NO) for Ru*+-NO*-. The results of this infrared study of t’he adsorption of CO and NO on a 
bimetallic Ru-Pt sample are compared with earlier studies of the adsorption of CO and NO 
on supported monometallic Ru and Pt samples. 

INTRODUCTION 

Thcrc has been recent inttwst in the 
cffcct of alloying on t,hc catalytic activity 
of supported metals. [Thcsc supported 
alloys have been d&nod as bimetallic 
clusters (I).] It has been obscrvcd that the 
surface composition of an alloy may be 
markedly different t,han the bulk composi- 
tion ; furthermore, the catalytic activity 
of the alloy was found to dcpcnd on the 
surface composition. An example of t’his 
cffcct is found in the classic work of Sinfclt 
et al. (2). These authors studied the 
hydrogenolysis of C2H6 to CH, over Cu-Ni 
alloys. It is known that Ni is an effective 
catalyst for this hydrogenolysis, whereas 
Cu is inactive. The catalyt’ic activity of Ni 
for this reaction dccrcasrd markedly when 
a Cu-Ni alloy with only 5 at% Cu was 

used; the surface composition of the ci at’% 
Cu alloy was estimated to bc 40-EO at% Cu. 
The strong adsorption of Hz 011 the Ni 
surface is known to bc an index of the 
concentration of Ni on the surface of Cu-Ni 
alloys. 

Recently, Somo-Noto and Sachtler (3) 
have shown that infrared spectroscopy 
can bc used t’o elucidate the surface com- 
position of a bimetallic catalyst. Thcsc 
authors studied t’hc adsorption of CO on a 
series of Pd-Ag bimetallic samples. Since 
it is known that Pd adsorbs CO strongly, 
whereas CO is not adsorbed on Ag, these 
authors studied the cffcct of alloying Pd 
with Ag by following changes in the 
intensities of the various CO bands ob- 
served when CO is adsorbed on Pd-Ag 

alloys of varying composit,ion. 
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In previous infrared studies we have 
characterized the adsorpt,ion of CO and NO 
and the relat’ive stability of adsorbed CO 
and adsorbed NO on silica-supported Ru 
and silica-supporkd Pt (4-G). Wlwn CO 
was adsorbed on a rcduccd C;yO Ru-silica 
sample, we obscrvcd a strong band at 
2030 cm-’ and two weak bands at 2150 ad 
2080 cm-l. The strong band at 2030 cm-’ 
was completely and rapidly dixplaccd from 
the Ru surface when excess NO was added, 
whereas the t#wo high froqucncy CO bands 
were stable to cxccss NO (g). When NO 
was adsorbed on a reduced tic76 Ru-silica 
sample, WC obscrvcd bands at 1860, 1X20, 
and 1630 cm-’ and we found t,hat all three 
NO bands wrc stable to excess CO (g). 
For CO adsorbed on a Pt-silica sample 
only one strong band at 2070 cnrl was 
observed. When a Pt sample with full CO 
surface coverage was cxposcd to cxcc~s 
NO (g), the NO (g) slowly reacts wit)11 
adsorbed CO to form COr (g) and N,O (g). 
For NO adsorbed on a 67, Pt-silica, sample 
wc observed a band at 1760 cm-1 and WC 
found that this adsorbed NO was com- 
plctcly and rapidly displaced from the Pt, 
surface when excess CO (g) Ivas added. 

From these previous infrarrd stud& wc 
conclude that NO is strongly adsorbed on 
t,hc Ru surf&cc, whereas CO is strongly 
adsorbed on bhc Pt surface. Thus, an 
infrared study of t,hc adsorption of CO and 
NO on a bimetallic Ru-Pt sample and the 
rclabivc stabilit,y of CO and NO adsorbed 
on t’his surface should provide valuable 
insight into the surface composit,ion of the 
bimetallic Ru-Pt sample. 

EXPEBIMENTAI, METHODS 

Mate&ds 

The gases used in this study were 
subjected to the following purification 
prior to use: CO (Mathcson Research 
Grade) was purified by passing it t’hrough a 
liquid Nz trap. NO (Matheson Technical 
Grade) was first purified by a standard 

vacuum distillation ; dissolved NZ \vas 
removed by the freczc:-tha,w tcchniqur. 
In tho freeze-thaw technique, the SO 
sample is first frozen at liquid NZ tcmpera- 
tures (-196°C) and evacuated for 5 min. 
Thn liquid Nz trap is removed, the first 
portion is pumped off and t,hc rcmuindw 
is stored for use in a l-lit,cr glass bulb. CO, 
(g) \vas obtained from the vaporizat,ion of a 
dry ice [CO, (s)] pellet. This pellet was 
formed by t,hc high pressure condensation 
of liquified C02. Commercial HZ was used 
in the reduction of the catalyst ad in 
adsorpt,ion expcrimcnts. It \vas purified 
bcforc use by first, passing it, through a 
Ik~~xo unit t,o convert OS impuritiw to 
H,O, which was then removed by a 
molecular sicvc and a liquid N, trap. The 
purity of all gases was periodically chcclrcd 
on a Dupont ?vlodcl 104 mass spwtronwtcr. 

In certain cxpcrimcnts a mixture of equal 
amourns of CO and NO \verc slowly 
co-adsorbed onto t,hc Ku-Pt sample. This 
gaseous mixture \vas prepared in t,ho 
follo\ving manner: first, 5 Torr NO \v:is 
cxpandcd into a 1-liter glass flask with a 
Teflon stopcock and frozen at, liquid N, 
t,cmperat,ures (- 196°C) ; 5 Torr CO was 
thm cxpandcd into the same flask and 
the stopcock was closed. The liquid -N, 
t,rap was then removed and the gasps were 
allowed to mix 12 hr. Prior to USC, the 
purity of the CO/NO mixture was chwkcd 
by a mass spcchral analysis. 

The silica-supporkd binwtallic Ru-Pt 
sample (3yc Itu-3y0 Pt, by weight ; G2 atyo 
Ru) used in this study was prcparcd by t,ha 
coprccipitation of HaPtCl,.GH& (Engd- 
hard Industries) and ILuCIa. 3HzO (Engcl- 
hard Industries) onto the silica support. 
Initially t,hc appropriate weight of HzPtCI6 
. GH,O was dissolved in a minimum amount 
of drionizcd HZO. The appropriate weight 
of RuC13 .3Hz0 was tBhcn added to this 
solution and deionized Hz0 was added t,o 
completely dissolve the Ru salt. This 
solution jvas mixed \vith Cab-O-Sil, Grade 
M-5, (Cabot Corp., Bost,on, Mass.) and 
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FIG. I. Infrared spectra of CO adsorbed on a 
silica-supported Ru-Pt bimetallic sample : (a) back- 
ground; (b) first exposure to CO; (c) second 
exposure to CO ; (d) third exposure to CO ; (e) full 
CO surface coverage. 

deionized Hz0 was slowly added until the 
sample had the consistency of a thick pa&e. 
The slurry was then air dried at room 
temperature for 1 week and stirred rcg- 
ularly during the drying process to retain 
uniformity. The dried catalyst was ground 
to a fine powder, less than 45 pm, and 
pressed into self supporting discs 2.5 cm in 
diameter and less than 0.05 cm thick. 

Alloy formation of the silica-supported 
Ru-Pt sample prepared in this manner was 
verified by the appearance of a broad peak 
at 62.2” in the X-ray diffraction patt,ern. 
This peak is found between the Pt (111) line 
and the Ru(002) line and it is indicative of 
the formation of a Ru-Pt solid solution. 
Previous investigators have reported con- 
flicting data on the formation of a Ru-Pt 

solid solution in this concentration range, 
i.e., 62 at% Ru (7-10). In the most recent 
report, Bowman and Sachtlcr (10) sug- 
gested a miscibility gap in the range 
between 50-70 at’% Ru ; however, these 
authors formed their Ru-Pt alloys by 
annealing thin films of Ru and Pt at 
elevated temperatures (m SOO’C) . Sinfelt 
(1) has observed that highly dispersed 
support’ed met,al samples do form bimetallic 
clusters, even when it is known that the 
two metals are immiscible in the bulk. 
For example, Sinfelt observed formation of 
supported Ru-Cu bimetallic clusters ; in 
t,he bulk, Ru and Cu are virtually totally 
immiscible. Considering the results of t’hc 
X-ray diffraction analysis, the support’ed 
Ru-Pt sample used in this study is known 
to be a true solid solution. 

Techniques 

Prior to the adsorption experiments, the 
bimetallic Ru-Pt samples were subjected 
to t,hc following pretrcatmcnt : evacuated 
at 325°C for 1 hr, reduced in flowing Ha 
(150 ml/min) for 2 hr at 325”C, and evac- 
uated for 2 hr at 325°C. If the sample 
pellet is heated to temperatures greater 
than 35O”C, it suffers an irreversible loss 
in the transmitt’ance of the infrared 
radiation. 

The infrared cell and the adsorption 
apparatus have been described in an 
earlier report (4). 

All infrared spectra were recorded at 
room temperature on a Pcrkin-Elmer 
Model 521 infrared spectrometer using the 
double beam method. In the double beam 
mode of operation identical bimetallic 
Ru-Pt pellets are placed in both the sample 
and reference beams of the infrared spec- 
trometer. The absorption bands due to the 
silica support in the sample beam are 
cancelled by the same absorption bands in 
the reference beam. In this way a relatively 
flat baseline is obtained from 4000 to 1300 
cm-l. Below 1300 cm-l the silica support 
completely absorbs the infrared radiation. 
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R~ESULTS AND DISCUSSION 

The infrared spectra of the stepwisc 
adsorption of CO on t’he bimetallic Ru-Pt 
sample arc: illustrated in Fig. 1. With the 
first addition of CO wc observe a band at 
2040 cm-l, which is highly asymmetric to 
the low frequency sidr. Wit,h increasing CO 
surface coverage the intensity of t,his band 
increases and the freqwncy shifts to 2055 
cm-l. At high CO surface coverage wc 
observe dcvclopmcnt of only one weak high 
frequency CO band at 2145 cm-‘. 

When excess NO (g) is added to a 
bimetallic Ru-Pt, sample with full CO 
surface coverage (cxccss CO (g) was 
previously removed by a 5 min cvacuat8ion, 
NO (g) was not evacuated), wc observe a 
dccrcasc in the intensity of the CO band at 
2055 cm-1 and note a change in the band 
contour, as shown in Fig. 2. After the 
addition of IVO, the CO band at 2055 cm-’ 
bccomcs sharp and symmetric ; wc also 
observe two NO bands, a strong sharp 
band at 1805 cm-l and a broad hand of 
medium intensity at 1590 cm-l (Fig. 2b 
and c). This sample was then evacuated 
for 15 min and we find that all the bands 
in the infrared spectrum arc stable to 
evacuation at, 25°C. 

The infrared spectra of the adsorpt,ion of 
NO on a bimetallic Ru-Pt sample as a 
function of surface covcragc arc shown in 
Fig. 3. After the first addition of NO a sharp 
band at 1780 cm-l and a weak broad band 
at 1560 cm-l appear. With increasing NO 
surface coverage we observe an incrcasc in 
the intensities of bot,h bands ; however, w-e 
do not observe dcvclopment of a high fre- 
quency NO band in t,he 1850 cm-l region. 
At full NO surface coverage the frequency 
of the band first observed at 1780 cm-’ 
shifts to 1805 cm-l and the low frcqucncy 
NO band shifts to 1590 cm-l. 

When a trace amount of CO (g) is added 
to a bimetallic Ru-Pt sample with full NO 

surface covcragc [excess NO (g) was 
previously removed by a 5 min evacuat,ion, 
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FIG. 2. Infrared spectra of a silica-supported 
Ru-Pt. sample with full CO surface coverage exposed 
to excess NO: (a) background; (b) full CO surface 
coverage and evacuated 15 min; (c) 6 Torr NO (g) 
added. 

whereas CO (g) was not evacuat’ed], we 
observe no change in t,hc intensities or the 
band shapes of t’hc NO bands at 1805 and 
1590 cm-* ; however, we do observe a 
sharp CO band at 2040 cm-l. These spectra 
are illustrated in Fig. 4. When increasing 
amounts of CO are added to t’he cell, the 
CO band intensifies and the frequency of 
t,his band shifts t&o 2055 cm-l (Fig. 4c-c). 
No band is observed in the 2180 cm-l 
region of these infrared spectra. From an 
inspection of these specka we conclude 
that IYO is not adsorbed on certain sites 
on the bimetallic Ru-Pt surface. 

Excess CO (g) was then removed by a 
5 min evacuation with a mechanical pump 
and 50 Torr Hz (g) was added to the cell. 
The effect of the addition of Hz to adsorbed 
CO and NO is shown in Fig. 5. As this 
sample is exposed to cxccss HZ (g) for an 
cxtcndcd period of time (24 hr), wc observe 
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FIG. 3. Infrared spect,ra of NO adsorbed on a 

silica-supported Ru-Pt bimetallic sample: (a) back- 

ground; (b) first exposure to NO; (c) second 
exposure to NO; (d) third exposure to NO; (e) full 

NO surface coverage. 

a gradual dccrcasc in thr intensity of the 
NO bands at 1805 and 1590 cm-‘. We also 
note that as the intcnsit,y of the CO band 
at 2055 cm-l increases, this band again 
becomes asymmct,ric to the low frequency 
side (Fig. 5c-c). Thus, wc conclude that 
adsorbed NO is reacting in t,he presence of 
cxccss Hz (g) and thereby creating vacant 
sites on the Ru-Pt surface. Traces of CO (g), 
which n-crc not removed by a 5 min cvacua- 
tion, can then adsorb on these vacant 
surface sit,es. After a 24 hr exposure to 
cxccss Hz (g) the structure of the CO band 
is similar to that observed when excess 
CO (g) is added to a reduced bimct’allic 
Ru-Pt sample. After exposure to excess 
Hz for 24 hr, two new bands are observed 
in the infrared spectrum, a weak broad band 
at 2180 cm-’ and a broad band of medium 
intensity at 1425 cm-l (Fig. 5~). 

To b(lttclr understand the cBect, of 
adsorbed NO on the adsorption of CO on 

t)hc bimetallic Ru-Pt sample, we rccordcd 
the spcct,ra of the stcpwisc adsorption of a 
CO/NO gaseous mixture on the Ru-Pt 
sample (the ratio of CO to NO was approx- 
imately 50 : 50). Thcsc spectra are shown 
in Fig. 6. After the first addition of the 
CO/NO mixture, we obscrvc a CO band at 
2055 cm-’ that is slightly asymmetric to 
the low frequency side and two NO bands, 
a band of medium intensity at 1780 cm-’ 
and a weak broad band at 1560 cm-’ 
(Fig. 6b). Wit,h increasing surface coverage 
we note that as the intensit’y of the CO 
band at 2055 cm-’ increases, this band 
becomes sharp and symmetric ; the NO 
bands first observed at 1750 and 1560 
cm-l intensify and the frequencies of these 
bands shift to 1805 and 1590 cm-‘, rcspcc- 
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FIG. 4. Infrared spectra of a silica-supported 

Ru-Pt sample with full NO surface coverage 
exposed to CO: (a) background; (b) full NO surface 
coverage and evacuated 15 min; (c) first exposure 
to CO; (d) second exposure to CO; (e) excess CO 
added. 
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t,ively (Fig. Gc and d). At higher surface 
covcrragc a wak broad band at 2180 cm-l 
is also obsctrvcd. When an (~xwss of t’hc 
CO/NO gaseous mixture is added t,o the 
cell, no further spectral changes are 
obswwd. Thus, th(b sharp CO band at, 2055 
cm-1 is stable to (~xcoss SO (g) and the 
NO bands at IS05 and 1590 cm-l arc 
st,ablc to cxccss CO (g) at 25°C. 

A comparison of t,hcsc spectra with t,hosc 
obswved n-hen CO is adsorbed on a reduwd 
67, Ru-silica and a 070 Pt!-silica sample 
provides insight into possible band assign- 
mcnts. These band assignmcwts arc sum- 
mnrizod in Tabk 1. For CO adsorbed on a 
Pt-silica snmplc, only a StrcJIlg sharp band 
at, 2070 cm-l was observed; furthcrmorcl, JIG 
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FIG. 5. Infrared spect,ra illustral,ing the effect, of 

the addition of excess HP t)o a silica-supported Ru-Pt 
sample with NO and the CO adsorbed on the surface : 

(a) background; (b) full NO surface coverage; 
excess CO (g) added and cell evacuated 5 min; 

(c) 50 Torr H, added, t,ime = 15 min; (d) exposed 
to 50 Torr H2 for 1 hr; (e) exposed to 50 Torr I-I? 

for 24 hr. 
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FIG. 6. Infrared spect,ra of a CO/NO gaseous 
mixt,ure adsorbed on a silica-supported llu-Pt 

sample: (a) background; (b) first exposure to 
CO/NO mixture; (c) second exposure to CO/NO 

mixture; (d) excess CO/NO mixture added and 

cell evacuated 5 min. 

found that, t,his adsorbed CO slowly reacted 
wit,h oxccss IYO (g) to form CO, (g) and 
NsO (g) (5). This band at 2070 cm-’ has 
been assigned to Y(CO) for CO linearly 
adsorbed on a Pt, surfaw sitr, Pt-CO (11). 
When CO was adsorbed on a rcduccd Gy, 
Ru-silica samplr, n-r obscrwd a strong 
band at 2030 cm-l which was highly 
asymmetric to the low frequency sido. At 
high CO surface covcragc t’wo weak bands 
at 2150 and 2080 cm-l wcrc also observed. 
When a Ru-silica sample nit,h full CO 
surface covwagc was cxpowd t,o cxccss 
NO (g), M-C obwrvrd a sharp dccreasc in 
th(t intcwity of the CO band at 2030 cm-‘, 
I\-hrreas thcrc: was no change in the 
int,c~nsitics of the CO bands at 2150 and 
2080 cm-‘. Thn following band assignmrnts 

have been made : the band at, 2030 cm-’ 
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TABLE 1 

Infrared Bands Observed for CO and NO Adsorbed on Supported Bimetallic Rn-Pt 

Gas Frequency 
adsorbed (cm-i) 

Assignment Comment 

co 

NO 

co2 

NO+CO 

CO + NO 

2145 (w) 

2055 (8, asy) 

1805 (s) 
1590 (m) 

2055 (m, sharp) 

1805 (s) 
1590 (m) 
2055 (m, sharp) 

2145 (w) 
2055 (s, asy) 

1805 (s) 
1590 (m) 
2180 (w, sharp) 
1760 (m) 

RUO-co 

Pt-co 
Ru-CO 

RU*--NO6+ 
Rub+-NG6- 

Pt-CO 

Ru6--N06+ 
Ru6+-NW- 
PI-CO 

RuO-CO 
Pt-CO 
Ru-co 
Rub--NW+ 
Ru6+-NO&- 
Itu6+-NC06- 
Ru :NO 

adsorbed on a Ru surface site, Ru-CO, the 
band at 2080 cm-l was assigned to V(CO) 

for CO adsorbed on an oxygen perturbed 
Ru surface site, and the band at 2150 cm-’ 
was assigned to V(CO) for CO adsorbed on a 
RuO surface site (4). 

When CO is adsorbed on a bimetallic 
Ru-Pt sample, we obscrvc a broad asym- 
metric band at 2055 cm-l and a weak band 
at 2145 cm-l. The broad asymmetric band 
at 2055 cm-l appears to have two compo- 
ncnts, a sharp band at 2055 cm-’ and a 
broad band on the low frequency side of 
this band. The sharp band at 20.55 cm-l is 
stable to excess NO (g), whereas the low 
frequency component of this band is dis- 
placed by excess NO (g). Thus, we con- 
clude that the sharp band at 2055 cm-’ is 
v(CO) for CO adsorbed on a Pt surface site, 

The CO band at 2055 cm-l is broad and 
asymmetric to the low frequemy side. 

The sharp band at 2055 cm-l is Y(c~) 
for Pt-CO; the broad low frequency 
component is v(cor for Ru-CO. 

The intensities and the band shapes of 
the NO bands at 1805 and 1590 cm-i 
do not change when the sharp CO 
band at 2055 cm-i appears. Thus, 
cert,ain surface sites will not adsorb 
NO. 

When NO is added, the band at 2055 
cm-i becomes sharp and symmetric. A 
sharp weak band at 2180 cm-i de- 
velops when both CO and NO are on 
the surface. The band at 1760 cm-’ 
develops in the presence of excess NO. 

Pt-CO; the unusual band contour results 
from v(oo) for CO adsorbed on a Ru surface 
site, Ru-CO. The weak band at 2145 cm-’ 
is assigned to v(co) for CO adsorbed on a 
RuO surface site. It is interesting to note 
that wc do not obscrvc a CO band in the 
2080 cm-l region for CO adsorbed on this 
bimetallic sample 

The assignment of the sharp CO band at 
2055 cm-’ to V(CO) for Pt-CO can be 
verified by a study of the adsorption of CO, 
on a bimetallic Ru-Pt sample. When cxccss 
COz (g) is exposed to a 6% Ru-silica 
sample, we observe no change in the 
infrared spectrum, i.c., normally COz is 
not adsorbed on the Ru surface (5). How- 
ever, it is known that CO2 dissociates to 
CO over supported Pt, i.c., a CO band at 
2070 cm-l is observed (1%‘). When COz (g) 
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is slowly adsorbed on a bimct,allic Ru-Pt 
sample, WC obscrvc a sharp CO band that 
first appears at 2040 cn-l and shifts to 
2055 cm-’ with increasing surfaw cowragc~. 
These spectra arc illustrated in Fig. 7. 
This adsorbed CO is st’ablc to room 
tompcraturc evacuation, as sho\vn in Fig. 
7~. Thus, JVC conclude that, this sharp band 

E 

at 2055 cm-’ is u(c()) for CO adsorbed on a 
s 

Pt surface site, Pt-CO. [In thcsr spwtra E 

WC note changw in the cont,our of the 
2 

atmospheric COz absorption band in t,hc 
is 
a 

2349 cm-l region. These changes arc duo t,o E 
the addition of CO:! (g) to thr sample cell.] 

The infrared spectra of KO adsorbed on a 
bimetallic Ru-Pt sample can also bc 
clarified by a comparison with the spcctm 
obt,aincd when NO was adsorbrd on silica- 
supported Pt and silica-supported Ru. 
When NO was adsorbed on a 0%) Pt-silica 
samplr, WC‘ observed a broad band at 
1760 cm-l that was complctcly and rapidly 
displaced by the addition of CO (g). This 
band at 1760 cm-’ was assigned to Y(NO) 
for YO adsorbed on a Pt, surface site, 
Pt-NO (5). The spnctra obtained of NO 
adsorbrd on a rrduwd G7, Ru-silica sample 
is complex. At low NO surfaw coverage wc 
obscrvcd bands at 1820 and 1630 cm-l, 
whwas at high NO surface covcragc we 
found dwclopmcnt of a high fwqucncy 
band at 1860 cm-‘. The band at 1630 cm-l 
was assigned to V(XO) for NO- adsorbed on 

a Ru surface sitje, Ru*+-SW-, whcrcas the 
band at 1820 cm-l was assigned to v(N()) 
for NO+ adsorbed on a Ru surface site, 
Ru*--NO*+. The high frcqucncy NO band 
at 1860 cm-’ was assigned to v(NO) for NO 
adsorbed on an oxygen pwturbcd Ru 
surface site (6). 

Frc. 7. Infrared spectra of CO2 adsorbed on H 
silica-supported Ru-Pt sample: (a) background; 
(b) first exposure to COZ; (c) second exposure to 
COz; (d) 10 Torr COI added; (e) cell evacuated 
5 min. 

1590 cm-’ to ~XCPSS CO (g) indicatcbs that, 
the X0 surface spwirs arc bound t,o Ru 
surfacc sit,c>s. From analogous assignments 
made for tht> adsorption of NO on a 6%;, 
Ru-silica sample, t,hc band at’ lSO6 cm-’ 
is assigned to U~NO) for NO+ adsorbc>d on a 

Ru surface site, R.u--NO&+, whcroas t,hr 
band at 1590 cm-’ is assigned t,o v(~~)) for 
NO- adsorbed on a Ru surface sit#r, 
Ru*+-NOA-. It is intctrwt,ing to nott: that, 
thn st,rong.adsorption of NO on Ru surfaw 
sitrs hindnrs t,hr adsorption of SO on Pt 
surfacr sitrs. The appcarancc of thr CO 
band at, 2055 cm-’ whrn CO (g) is added to 
a sample wit,h full X0 surface covcragc 
confirms t,hc fact that, thrrc arc’ rxposcd Pt, 
surface sites that, will not adsorb NO. A 
similar rffcct was obscrwd when a CO/NO 
gaseous mixture was co-adsorbed on a 6(;l,: 
Pt-silica sampk, i.e., in thcl prcwncv~ of th 

2400 
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For NO adsorbed on a bjmct,allic Ru-Pt 
sample we observed a strong sharp band at 
lSO5 cm-l and a broad band at 1590 cm-‘. 
Th(w adsorbed NO surface spcrks arc 
stable to CO (g) ; how-cvw, in the prcscncc 
of rxwss CO (g) WC do observe formation 
of a sharp CO band at 2055 cm-‘. The 
stability of the NO bands at 1805 and 



300 BROWN AN11 GONZALEZ 

FREQUENCY, CM-’ 

FIG. 8. Infrared spectra of the st,epwise displace- 
ment of CO adsorbed on a silica-supported Ru-Pt 
sample by NO: (a) background; (b) full CO surface 
coverage and evacuat,ed 15 min; (c) first addSon 
of NO, t = 30 min; (d) second addition of NO, 
t = 30 min; (e) 5 Torr NO added. 

strongly adsorbed CO surface spc+s NO 
was not adsorbed on t,he Pt surface (13). 
This effect was observed at, low surface 
covcragc ; thus, Pt surface sites wrc 
available for the adsorption of NO. 

In the spectrum of NO adsorbtad on the 
bimetallic Ru-Pt sample we do not observe 
an NO band at 1860 cm-‘; furthcrmorc, wc 
do not observe a CO band at 2080 cm-’ 
for CO adsorbed on thr bimetallic sample. 
Previously, we assigned the CO band at 
2080 cm-1 to Y(CO) for CO adsorbed on an 
oxygen perturbed Ru surface sit,c and the 
NO band at 1860 cm-l t,o Y(No) for NO 
adsorbed on similar oxygen perturbed Ru 
surface sites. The failure t,o obscrva both 

t,ho CO band at 2080 cm-l and t,hca NO 
band at 1860 cm-’ substantiatw our assign- 
mcnt, that thwc bands arc due t,o the 
adsorption of CO or NO on t’h(b same type 
of surface sit,c. Furthcrmorc:, it suggwts 
that thrsc oxygc’n pwturbrd Ru surface 
sites arc not, prcwnt on t’hc bimct,allic 
sample. 

In studies made with a 6% Ru-silica 
sample we observed the formation of a 
surface isocyanatc at 25°C when CO (ads) 
is slowly displaced from the Ru surface by 
NO (g) ; howcwr, wc did not observe 
isocyanatc formation on a G7, Pt-silica 
sample (5). This surface isocyanatc n-as 
identified by the appearance of a strong 
sharp band at 2180 cm-’ in thn infrared 
spectrum. To d&ermine if it’ is possible to 
form a surface isocyanate on a bimetallic 
Ru-Pt sample, \VC recorded the infrared 
spectra of t#hr strpwise displaccmcnt of 
adsorbcld CO by NO. These spectra are 
illustrated in Fig. 8. With t#hc first addition 
of NO we obscrvc both a dwrcase in tho 
intensihy of the CO band and a sharpening 
of the band contour; furthrrmorcl, wc note 
the appcarancc of t#wo NO bands at 1805 
and 1590 cm-‘. A sharp weak band at 
2180 cm-l is also obscrvcd (Fig. 8b and c). 

After the second addition of KO wc again 
note an incrcasa in the intensity of the 
isocyanate band at, 2180 cm-’ (Fig. 8d). 
In the prescncc of cxwss NO we obscrvc 
a slight decrease in tho int,ensity of the 
band at 2180 cm-’ and we not,c the appcar- 
ancc of a new band at, 1760 cm-‘. This 
band at 1760 cm-l was also obwrvcd when 
a Ru surface isocyanatfb, Itus+-NC06-, 
was exposed to CXC~SS NO (g) and it has 
bwn assigned t,o v~NoJ for NO covalcntly 
bound to a Ru surface sitr, Ru: NO. A 
similar assignmrnt is reasonable for the NO 
band observed at 1760 cm-’ on the: bimrtal- 
lit Ru-Pt sample, i.cl., t)his band is Y(NO) 
for Ru : NO. 

From these spectra we conclude t.hat the 
surface isocyanate is formed on the bi- 
metallic Ru-Pt sample; however, this iso- 
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cyanate band is not as strong as that 
observed on a 6% Ru-silica sample. 

Previously, we proposed a mechanism for 
isocyanate formation that involves t’he 
interaction of CO and X0 that arc adsorbcld 
on adjacent Ru surfaw siks. When a Ku 
sample is alloycld with Pt, it would docrcasc 
t,he number of t,hwe ncwcst ncighhor Ru 
surface: sitw ; th(wfow, a lrss inknse 
isocyanatc band would be cxpcct,cd on the 
Ru-Pt sample. Furt8hcrmorc, \VC suggest 
that the failure to obwrvc isocyanatc 
formation on a Pt-silica sample at 25°C 
was due to the stability of CO adsorbed on 
the Pt surface, i.e., a st8rong Pt-C bond. 
For a bimc:t,allic Ru-Pt sample WC do not 
observe isocyanat,o format,ion when CO is 
added to a Ru-Pt sample with full NO 
surface covcragc (the sharp Pt-CO band 
at 2055 cm-’ was obscrwd in this spect,rum, 
Fig. 4). Thus, the presence of a weakly 
adsorbed CO surface sprcics is an important 
criterion for isocyanate formation at 25’C. 

This infrared study of t,hc adsorption of 
CO and NO on a silica-support8cd bimetallic 
Ru-Pt sample has had twofold rcsult,s : 
first’, we observe that thcrc arc both Pt, and 
Ru sites on the surfacr of the bimcxt,allic 
sample. Secondly, thrw infrawd data arc 
consistent, \vit)h our previous band assign- 
mcant,s and our propowd mc~chanism for 

isocyanat,c format,ion on t.hc Ru-silica 
surface. 
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