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SEARCH FOR CHEMISORBED HCO:. - THE INTERACTIOK arF FORMALDEHYBE,
GLYOXAL ANB ATOMIC HYDROGEH + CO WITH Rh
J. T. Yates, dr. |
' and
R;;R. Cayanagh}-:
 Surface Scieﬂée Division -
NatiohaT”Bureau;ef Standards

washingtoh, D.C. 20234

‘ ABSTRACT
Transmass1on thrared spec»roscopy has been used to'search for Lhe
chemisorpt1ve—stab111zau1cn of fcrmy? (HCO) on Alzﬂa—supported Ph surfaces.

Fbrmaidehyde (H CU) and g]yoxal (Hco) have been used. as po;ent1a1
2 2.

sources of HCG. In addition, chemisorbed Cﬁjon Rh has been treated wqth

atomic deuterium in an attempt to prcduce DCﬁ) None of these routns
have Ted. to spectrascop1cal]y detectab}e levels of formy! adsarpt1on at

temperatures near or above T00K. TheSEAresu}ts suggest that the formyl
intermediate may not<beja sfah1é.sﬁrface species on Rh in COlhydrogenation

chemistry. -
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.I; INTRODUCTIOﬁ

, Hechan1st1c detai3s of the catalyt1c producﬁ1on of CH‘1 and Targer

'hydrocarbons from Hz(g) + CO(g) have been the subject of much recent
specu]atvon. Exper1mental studies in coupied hvgh pressure/u?tra high
vacuum systems. have demonstrated the act1ve role of surface carbon (or
CH, ‘species) on N1 51ng1e cnystais in stch reactaons. (1) The capac1ty
to form CHy - from the reac;1on wzth Hz(g) of. Cﬂ-produced surche carbon ;
-.1nd1cates that co d1ssoc1atnon is a ccmaatnbie n1rst step in the cGtalytic
reacb1on pathway to CHA. Further studies of vur1ous types have supoorted
the co dzssoc1at1on mechan1sm on Ru .(2-4).- S1m11ar conc}us1ons have
‘-been reached regard1ng C formatzon from CO on poTycrystal?;ne Rh surfaces
(5), and in part1cu1ar on srepped Rh STngie cnysta1s {8, 7), a?thaugh the
eff1c1ency cf ca. d1ssoc1at1on prscesses -on Rh is & controvers1ai 1ssue
at present (7 | | _ |

. Contrary to a mode] 1nvolv1ng d1ssoc1at1ve co chem1sorptmon as the’
primary e]ementary ‘Step 'in the catalyt1c fbrmat1on of hydroCarbons,
mechanisms 1nv01v1ng the hydroaenau1on of CO to form varzcus intermediates
such as HCO {ads) or HCOH (ads) have also been wadely discussed in the |

recent I1teruture, as exemp11f1ed ina rev1ew art1c1e by ﬁuett&rtaes and



Stein (8), as well as in earlier reviews (9). In addition, experimental
observations which detected sméll quantities of CH4 produced from HZCO
" chemisorption on Ru{110) (10) and on W(100) and.w(lll) (11, 12) have
Tent support to the alternate model, in which species 1ike adsorbed
formyl, HCO (ads), are postulated to be involved in the catéTytic synthesis
of CH, from CO and H,. While the exact role played by these species
dubing a chemical reaction is not known, the syntﬁesis'of model inorganic
.compounds containing such functional groups clearly demopstrates their '
existence (13). e ‘

The work to be discussed in' this paper addresses the question of
the stabilization of species like HCO {ads) on an A1203—supp6rted Rh
surface. We have employed molecules such as H,CO and (HCO)é_é% adsor-
bates at 100 K. Transmission infrared spectroscopy was used. to search ? o
for. intermediates in the catalytic decomposition of these molecules as T
the surface was warmed to 340 K. In addition, atomic deuterium was
employed as a reactant with chemisorbed CO on Rh in an attempt to prodﬁcelA'
DCO (ads).

The combination of low temperature adsorption techniques with
.infrared spectroscopy on supported metal systems is a potentially pro-
mising method for trabping and observing such transient reaction inter-
ﬁediates. Temperature dependent surface Binding—sta;e distributions
between 77 and 300K are well known on single crystal substrates from
investigations using a variety of surface sensitive spectroscopies, yet o
rarely have such species been studied using'thé infrared transmission
technique. The comSinatidn of Tow temperature methods with model adsorbaté
%ystems provides a unique opportunity to prepare, isolate, and study

various proposed reaction intermediates.
-2-
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1L EXPERIMENTAL

Complete detaa]s of the sample preparation, vacuum system, and
spectrometer have appeared eisewhere (14, 15). In br1ef, a so1ut10n of
RhIII jons was prepared by dissolving Rh833‘3H20 1n water. ‘This m1xture ,
was then used &g 1mpregnate an amount of A?203 (DeGusse-C)*? such that- .
the weight percentage of'rhodium would be 2. 2%.‘“Acepone‘pas'tﬁen"addedj‘
to the so?ut1on (10:1 = acetone water). Th1s s1urry was sprayed onto a-
CaF2 plate held at SSOK causing flash evapcrat1on of solvents. Typ1ca!‘
depos1t 1oad1ngs of. ]Tng/cnz were obtaxned The depcs1ted sampie was
then mounted in the u?trahzgh vacuum 1nfrared celi, outuassed at 425K,
redued. in HZ at 425K, and further outgassed at ﬁ?SK for eight hours.'
All infrared spectra were recorded on a Perkln Elmer Mode? 180 Infrared
Spectrometer’*

H CO(g) was prepared by heating’ parazormaldehyde in a gas aenerauar
at 350K, passxng the’ gas through a glass trap at IOSK and darectiy -
adm1tt1na the H Co(g) to the sta1n1ess steel manlbed The pur1ty o; .
| the HZCO(g) obtained by th1s method is we]? estab11shed (]1)

(CHG)Z(g) was. obta1ned us1ng estab71shed 11perature methods (?6)

A mlxture of PZOS and tr1mer1c glyoxa? ‘dihydrate (C2H202)3 (ZHZD} (i ])
was p?aced 1n 2 glass system 51m11ar to that used for the formaldehyde
The cenerator was evacua;ed and the glass trap 1mnersed in
11qu1d nitrogen. While pump1ng on the generator/trap, the mixture was
.gentiy heated. In addition to the evalution of ncn-condenszbie gases,
“both ye]iow crystals and whate crystais appeared in the glass’ trap. The
PZGSI(CZFZOZ)3 (2Hy G) vessel was 1so?ated from the trap, and the trap
was brought to 195K, at wh1ch tzme the evo?ut1cn ot add1t10na1 nof-

-3-



condensibles and the dwsappearance of the white crystals was noted. The
remaining yelTow crystals were further purified by a freeze-pump-thaw :
cycle. The pressure of an aliquot of vapor obtained upon warming from é
this purified sample was found to be stable in the stainless steel |
manifold to 0.1% over several minutes. ;

The generation of deuterium atoms was achieved with a thermal
source operating in a BZ atmosphere. In these exper1ments, a high
temperature tungsten f11ament was operated inside the infrared cell
(see F1gure 1). The adsorbent was shielded from rad1at1on from the
filament by means of a baffle arrangement. The Dz gas phase pressure 1n'
the range 0.2 torr- 0‘01 torr was monitored with a capacwtance mancmeter -
as a function of filament temperature; we observed the 1n1t1at1on of a
continuous pressure drop at the onset of D atom generatwon. This ?52 ‘
presumably due to interaction of D atoms with the cell walls or the.ﬁ.

sample.

Due to the location of the thermocouple on the copper sample holder ~

rather than within the sample itself, there is some uncertaunty as to
"the exact temperature of the specimen. Rather than attempt to correct

for this error, the temperatures given refer simply to the temperature '

of the copper support assembly.

III. INTERACTION OF FORMALDEHYDE WITH A1203 AND WITH Rh/A1203.

A. HZCO Adsorbed on A1203

A Rh free sample of A1203 we{ghing 58mg was prepared as described
in the experimental section. This sample was then cooled to 100K and

exposed to 6 X 10]9 molecules of HZCO(g). This dqse of HZCO corresponded
.




to 1 mo?ecule per 10A2 of A1203 surface area. 'Fe11owing measuremeet"
i of the 1nfrared spectrum, the surface was wurmed 1n a stepwzse fashion
' te 300K and spectral developments were fo]Towed, as shown in Fig. 2.
Flna]Ty, at 3OGK, the cell was evacuated and spectrum 2e was recorded
At 160K, a distinct feature due to phys1sorbed Hzcc deve]ops near |
,1700cm 1, upan warm1ng the dosed cell to 300K, the 1700cm” -1 feature has:

diminished in 1ntens1ty, wh11e addatwona1 absorbance due to HZCG(g)

develops near 1759cm 1. After evacuation at BOOK there is little

evidence for either feature. However, new features wh1ch appear at

-1 -1

pers7st upon evacuat1on. These three

159Ten” ", 1392am -1 and 1372¢m”

features are 1n excelient agreement W1th those reperted fcr fornate

'product1on from'CH3OH decomp051t1on on A1203 [1597cm ], 1394¢m” },

1377cm"] an.-

-1 1

The region betueen 2700cm ' and 2000cm™ ! was carefully examined

“during th1s exper1ment, since this 1s the region in wh1ch the H-C stretch-
1ng frequency for HCO(ads) wou1d be expected The oniy additaonal

feature which appeared was a- broad weak feature near 2040cm- -1 ( 6% of

1

the 1700cm peak intensity).. Th1s feature d1sappears upon evacuatnon

at 300K.. bie I summar1zes the observed spec;ral features -in this
series of measurements.
B. H

zCO.A¢S°*b¢d-°“ Rﬁ/A1203-  o

b

. A 81 mg sample conta1n1na 2.2% Rh was prepared Following cooling

18 mo]ecu1es of HZCO(g) From

"o 100X, the sample was exposed to 8 x .10
'prev1ous exper1ments we know that the chem1scrpu1ve capaczty of this
Rh/A1203 samp]effcr.CG(g) should be ~ 1.1 x,loig CO molecules (18).

. <5-



The spectral development as a function of temberature is shown in

1

Fig. 3. The spectral feature observed near 1700cm” ' at 160K can be

associated with HZCO physisérbed on A1203, as seen for pure A1203_in‘

Fig. 2. As the Rh/A1,0, sample is warmed, the development of additional
273

1

spectral features between 2100 and 1800cm™' is apparent. At 230K spectral

1

features at 1860, 2021, 2045 and 2088cm = are observed as well as H-C

stretching modes at ~ 2910 and v 2980em™ .

1

An additional weak feature

at ~ 2790cm ' is also observed.

1

Previous work has shown'that the 1860cm” ' feature can be assigned :

to bridge-bonded CO (14, 19, 20) on Rh crystallite sites. For pure CO

1

adsarption, features in the 2000-2100cm™' region have been assigned to

terminal CO species on Rh crystallites [ ™ 2050-2070cm'1] (14) and to
Rh(CO)2 species produced on isolated Rh sites [2101; 2031cm']](14,18).
The features at 2088cm™! and 2021cm'], as produced by HZCO(Q) adsorption,
are v 10cm'] Tower in wavenumber than the corresponding features produced
by CO(g) adsorption, in agreement with earlier observations for Héco
adsorption on Rh/A1203 (21). This 10cm'] shift will be discussed in
section III.C.

It should be noted here that the fntensity of absorbance in the
2100 to 1800cm"1 region for all of these features derived from HZCO(g)
adsorption is much lower than expected for full CO coverage. This

observation is confirmed also from the experiment shown in spectrum 3d

12

where the HZCO(g) was pumped from the cell and ~“CO(g) was introduced.

The significant increase in absorbance at 1860, 2020, 2050, and 2093cm'1
indicates the presence of active Rh sites for CO chemisorption in spite

of the high dose of HZCO(g).



C.  Perturbation of Rh-Chemisorbed CO Species by Adsorbates

on the ATZG3 Support.
1% is possibie that sma11 spectral shifts for chemisoroed €0 om
:A1203-supported Rh could be due to 1nteractaons with adsorbed C0. caused

by adsorpt1on of other mo]ecu1es on the A? 03 support, in much the same

fash1on as observed in macrzx 1solat1on 1nfrared spectroscopy for chanoes
in the matrix. Two. exper1ments were carr1ed out in order to check this

points - S | S

-

1; HéO + CO/Rh/A]zqs.

A Rh/Al sampie was exposed to H 0(9) at 0 5 torr pressure.

Increased absorbance was observed in the OH screuch7ng reg1on between
3700 and 3000cm -1 and a feature due to H20 adsorption on Al 03 is observed

1 Only m1nor-changes in COe

in the HOH bend1ng reg1on near 1620cm
derzved spectra? feacures on Rh were observed when the &V&CHntEd sawple.
'was subsequently exposed to CO{(g); speCcraT feacures at 2098, 2053, 2027
nd 'lSS()cz:zl.i were produced. This corresponds to an apnrox1m=teiy 2-3cm -
..decrease in wevenumber”for'the doublet from values of 2101 and.2031cm -1

observed_onJHZQ“ffee*SUrfaces.*,'

2. H,C0 + CO/RR/AT,04. -

13

In a separate exper1ment, a 2.2% Rh sample was saturated with ~CO

and evacuated (see Fig. 4) resu1t1ng in ]3CO features at 2053, 2035,

-



1. This sample was subsequently Exposéd to a satura-

1987, and 1825cm
tion coverage of H, 129 [see Fig. 4(c)]. The features previously
associgted with the formation of formates on thé.Aﬂzog are clearly. .. =
present. In addition, the two sharp IR peaks éssociated with ]3C0 |

bound to Rh as Rh(co)2 were observed to shift to lower wavenumber by
10em”} to 2042-and 1975cm']. Introduction of additional H,CO resulted

in a further shift of the ]3C0 features. The significant shift in the .
13CO features, and the absence of infrared evidence for ]2C0-13CO exchange

demonstrates a strong suppbrt-berturbation of.thé Rh-bound CO modes

attributable to the presence of oxide-bound species derived from HZQO.

IV. Interaction of Glyoxal with A1203 and with Rh/A1,04.

A. (HCO)Z(Apsorbed on A1203.

In Fig. 5, a 55mg sample of Al,0; was exposéd to 4 x 10'° (HCO)Z(g);
molecules at 100K and then warmed. Infrared spectra ﬁs a function of
sample temperature are shown. Spectrum 5(a) indicates the presence ;f_'
very little adsorbate on the A1203, presumably because of condensation

of the (HCO)Z(g) on cooler regions of the sample support assembly. Upon

warming to 190K, two predominant peaks at 1720cm™! and 1788cm™! are

observed as (HCO)2 transfers to the AIZOB. Between 235K and 275K, an
inversion of relative intensity occurs as the intensity of the 1720cm'}

feature decreases while the intensity of the 'l748c:m"1 feature increases.

1 1

The only other features observed between 3200cm = and 1400cm™ were

1 1

and 2840cm”

bands at 2930cm” . There are small changes in the relative

-8~



'1ntens1ty of. these two bands during samp1e warm1ng, but both bands
pers1st upon evacua§1on of_the,cg]?. The behav1cr observed on warming :
the Al,04 surface f?om 190K tQSBOSK is not observed to be reversible

upon subsequént ﬁou]ing'back to 100K. The presence of an intense Teature
at 1748cm” -1 upon evacuataon at 305K is in d?St]ﬂCu ccntrast to the ’
behavior observed for H,CO on ATZ 3 (F1g 2), where 1rrevers1b1y adsorbed

“ formate species are produced.

B. . (HCO}Z.Adsqrbed on Rh/A]203;

The adsorption of (HCO)Z(Q) on a-2.3% Rh -sample wéfghing o0mg is

shown in Fig..G. By .comparison with data obtained-fcr‘pure A1203

(Fig. 5) it may be seen that the behavior in the 1700-1800cm -1 region

-1

and in the,ZSOD—SOOO;m- regdon is very 51m11ar, suggesting tha» these

spectral features are ﬁhrelated to the interaction of (HCO)2 with Rh.
Atﬁtemperétures~abaye 190K, new “infrared f;atgreﬁhin thejsdoleﬂccm°1"
region dre ob#erved-&ue”to_the‘interaction of (HCO)2 with Rh;_'Ccmpaiing
‘gTyoxaI speétrum 5(c) with fcrma?dehyde spectrum é(cf suggests that the:

infrared spectrum of the~species-present on the Rh sites are very similar

a]though re?at1ve 1ntens1t1es differ somewhat. Thus in each-tase'we

-1

observe major bands at ~ 2045 and 441860cm s1m11ar o these observed

for low coverages of CO(ads) on crysta111ne Rh s1tes (14,18).  In addi-
-1

tion small features at v 209@cm J-and<n.2020cm- are‘observed in both
céses,'iﬁdicative'of formation -of relativé?y small amounts of Rh(C0),
'(14,18). It is observed that the intensitieé of ali of’these features

due to (HCO)2 adsorption is belaw that}cbserved for CO(g) adsorption.

-6-



Subsequent CO exposure of the (HCO)Z-exposed Rh/AlZO, sample at 300K
causes full development of the expected features due to CO(ads) as shown
in Fig. 6{e). Thus, exposure to a large dose of (HCO)Z(g) does not cause-:
full occupancy of all Rh sites capable of CQ adsorption. Similar behavior

was also abserved with the H,CO adsorbate.

V. _INTERACTION OF MOLECULAR AND ATOMIC HYDROGEN WITH CO ADSORBED ON Rh.

In earlier work, the exposure of dispersed Rh on A1203 to a mixture -
of Hz(g) and CO(g) at 300K resulted in comparable infrared spectra to |
that obtaingd for pure co éxposures (21). In addition, LEED studies and
thermal desorption studies have indicated that repulsive CO{ads)-H(ads)
interactions occur on Rh(111), Teading to a Towering of the desorption .
energy for H(ads) (éZ). Thus tt migh£ be expected that the competitiong
between Ha(g) and CO(g) for Rh adsorption sites would favor CO if the
temperature is sufficiently high, permitting rapid HZ desorption foIlowihg
addition of CO. L

In Figure 7, a2.2% Rh/A1203 sample was first saturated at 310K
with CO, giving the infrared spectrum shown in 6{(a), which is typical
for pure CO adsorption (14, 15, 18, 21). The CQ was pumped away and the
CO-saturated sample was exposed to Dz(g) at 102 torr and 310K. Following

19 hours exposure spectrum 6(b) was obtained. There is some loss of
1 1

A}

intensity at 2101em  and at 2031cm ' corresponding to a decrease in the
concentration of thco)z species. Similar effects have been observed

during reversible thermal desorption of CO from these surfaces (14). 1In
addition, slight exchange of A1203-bound hydrogen (AT0H) with deuterium

-10-




is observed by the appearance of ‘enhanced 1ntens1ty in a broad band with -

its peak maximum at 2650cm 3

This deuter1um exchange at 310K occurs
~only with the 1nvclvement of Rh sites for chemisorptive D2 dissociation -
followed by D m1grat1on on the A1203 and has been studied previously (23)
An additional exposures to Dz(g) at 282 torr resu?ted in only s]1ght
changes in ‘intensity but yielded no additional 1n rared features. .The --
cell was then evacuated Co(g) was added to resaturate the Rh surTaCe,
and the CO was,then evacuated wh11e coaling to QOK-‘ The ce11 was then

' filled with Q.1 Torr of Bz(g) and the tungsten atomxzat1on .1Tament was -
Lurned on to bnmbard the surface with atomic D. A substantial drop_1n,
Dz(g) pressure occurred, and the substrate tempera»ure increasad to
-170K. Infrared spectra correspond1ng to various amounts of atomic D
bombardment of the surface are shown in Figure 7(c) and 7{d)." A tota

. é‘xposure to ~ 2':..x 1'619 D atoms corresponds fo. spectrum Zj('d)'. o new

spectral features were observed during this treatﬁéntQ

Y. DISCUSSION

A. The Infrared Spectrﬁm of the HCO Ligand

Usiné mat}ﬁx isoiatioﬁ tecﬁniquaag fhe infraféd sﬁéctrﬁm-of HCO has
been measurad in a CO matrix at 14-20K (24,25). It exhibits a c=0 .
stretching mode ag 1850cn ], an- 1ntense C-H stretching mode at
2488cm -1 (25), and a H-C=0 bending v1bra»1on at 1090cm” -1 (24, 25) HCO
‘15 character1zed by a weak C-H bond and by a correspond1ng hwgh C=0

stretch1ngnrrequency (25,25). Synthesis of matrix 1solated HCO s

-11-



achieved at low températures-by the interaction of energetﬁc (pho}olj— t
tically produced) H atoms with a 60 métrix. In attempts to use thermal-
ized H atoms reacting'with Coiinjap_Ar matrix, no reaction hasibéen;,'
observed (27). - | . .

When HCO is bound as a ligand “to transition metal atoms, the Cz0
stretching frequency iSrusﬁa11y:observed to_shift downwardsitoilsobcmi

and an increase of 100~200cm™ !

in the CH stretching frequency is
observed. A summary of information regarding characteréstic:frgquénciés'
for the HCO mofety ‘i&: given. in Table IL. ..

Based on Table II it would seem appropriate to search for HCO (ads)

infrared features in the”range 1500-1800cm'] (“C-O) and in the range

2500-2700cm™| (v,_.). The bending vibration below 1100cm™" is in an
experimentally difficult region in this work due to strong absorption by

the A1203 support.

B. Lack of Evidence for Production of HCO (ads) from either HZCO

or (HCD)2 on Rh/A1203.

By comparison of the infrared spectra (Fig. 2 and 3) for HZCO on
A1203 and on Rh/A]zos, it is evident that under no condition of temper-

ature utilized here is there evidence for additional absorption bands on

1

the Rh/A1203 surface in either the 1500-1800cm™ ' region or the 2500-

L region. On this basis we can be confident that HCO (ads) is

2700cm™
not produced at a spectroscopically detectable Tevel on Rh from HZCO

adsorbate.

-12-
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The séﬁe:éompariéqﬁ may be médélf&%:(ﬁéﬁ)z adsorbate. Here tog, no"
extra absorption bands related to HCO (ads) species ‘on Rh are detected

-1 =1

in the 1500-1800¢m - reg1on or the 2500-2700cm* region. Thus (HCD)2 is

.a1so not a favorable source of HCG (ads) on an Al 05- suppcrted Rh surface.

C. Atomic Deuterium + CO (ads). Lack of Evidence for DCO (ads)

by this Route.

Although expectéd'toibééan'unlikely route to DCO {ads) Fbrmétion,.a

" chemisorbed CO Tayer on Rh was exposed to thermalized D atoms at ~170K..

The D-CO strench1ng frequency would be expected at about 2000cm™ -1 for
DCO (ads). The Dc=0 stretching frequency would be expected.between .
1800cm. “1and about 1550cm-1 (25) [See: also Tabie II] Although the

ZOOUcm ]oreg1on is strongly over?apped ‘by: chem1sorbed CU 1nuens1ty,

‘there is no evidence in e1ther region Tor additional absorption due ua:.
- er resion one 10,

the formation cflﬂcd (ads) species.

'D. Interaction of HZCO and (HCD), with Rh/AT,05.

The s1m11ar1ty 1n the In:rared spectra for spec1es produced on Rh

_from HyCO and from (HCO)2 is ev1dent by compar1scn of Fiaures 3 and 8.
On the basis of compar1sons with 1ntens1t1es achieved for. pure co adsarp-

- tion, it is clear ‘that. both HZCO and (HCG)2 yield apprec1able quant1t1es

ot both terminal-C0 and bridged-CO species. .These spemes are present
on the drystal?iﬁe Rh sites described previously (14;18). The‘Rh(CO)z

speéies are not strongly populated by exposure tq-HZCD or (HCO)Z, but
=13~ " : |



méy Ee filled by subsequent CO adsorption; A preﬁious model suggested .-
to explain this lack of productxon of Rh(CO)2 from HZCO adsorption
:postulated the formation-of H-Rh- CO spec1es from H CO (21). Th1s p1¢ture
was based on the observation of a shifted Rh(CO)2 doubTet when HZCO+CO
were adsorbed. The work reported here in section III.C. has shown_that
this shift was in fact due to interaction of the'Rh(CO)2 with adsorbates. -
produced by H,CO on the A1,05 support. We now believe that neither gzcga_
nor (HCO)2 decompose appreciably on the 1soTated Rh sitesw : -

Two factors may.be respons1b1e for this low reactxvxfy ‘of the-
jsolated Rh sites:

" (1) both HyCO and (HCO), require multiple sites to dissociati§§1y
chemisorb

(2) the special electronic character of isolated Rh sites prohfbiﬁs
dissociative chemisorptién oé HZCQ and (HCO)Z. There is.
evidence that the iso]gted sites are in fact Rh. species (18)%
Primet and Garbowski have assigned these sites as Rh(I) ba;ed;'

on UV-visible absorption spectral studies of a Rh-Ha zeolité (30).

E. Interaction of H2C0 with A1203.

Upon warming the HZCO/A1203 sample from 100K to 300K, several
distinct transitions occur. By 160K, the intensity of the 3730 and
3660cm'] features due to free OH on A1203 was decreased by a factor of
two, while the broad hydrogen bonded OH feature near 3500::m‘1 has
increased in intensity significantly. Previous work on silica surfaces
(31,32) has shown.that free OH features canvbe shifted by as much as

-1

350cm ' to lower wavenumber due to interaction with RZCO groups. We

-14-



therefefe’suggest that at 1603, evidenee fcr.a sitevspeCific_interactice
of H,CO on Al1,0, exists. - | o | ;

S1muiuaneou51y, distinct features appear at 1ower wavenumber wh1ch~—€
indicate the presence of molecularly adsorbed H2C0 (see Table III) : The
observed shifts and/or'muit1p1e peaks observed for Vg Vg v3 and )
could be attr1buted to e1ther, _ ;

a), a single’ b1nd1ng STte on A1203 whzch reduces the symmetry of

the adsorbed SPECTes from the gas phase symmetry of- CZV

b) - adsorpt1on.at a number of aist1nct binding svtes;. '

Additional warming serves to c1ar1fy the situation. Once'the
sample has reached- room temperature, all of the features observed at
200K (with the except1cn of the ]&70cm -1 feature) have maximized in
strength, and have begun to.diminish. Three new features have'alsa’
become appafeﬁt,edeegﬁating figure 2& at 1392, 1372 and TSQécm’T.
Greenler (17)’hasJattributed.theSe hodes fe<formate (HC00) formation
.fram CH3OH decomposition on A1203. Evacuatwen of the samp1e fUreher
~reduces the 1nten51ty above T700cm 1 and below 1350cm ]. In most of Lh&
| spectral reg1ons of 1nterest, it is not poss1b1e to make a mean1na.u1 '
measure of the loss of 1ntens1ty, since formate modes and forﬁa]dehyde f
modes will be unresoTved - For 1nstance, 1n the C-H stretch1ng reg1on, |
as uhe convers1on of HZCO uo formaue occurs, the contrtbutxon; frem the ~
formate C-H stretch (17b) would be expected to comnensate for Toss of
fofma?dehjde C-H stretch absorption:’ However, the CH, deformat1on-mode
cbserved at 1470cm'];is'spettral}y'fso1ated from any?fcrmete modes.
This'featufe neither shifts nor changes in intensity aftef-the sample

_has reached 200K. This clearly indicates the,presence}of a site which

-15-.



is stable for fcrma1dehyde bonding between 200 and 310K Thus, at least
two s1tes exjst for the binding of Hzco to A1203 One s1te assoc1ated
'w1ﬁh the_CH2 modeéat:1470cm-1,'and-another site qq whxch-formaldehyde'-

converts to formate.

F. Interaction of (HCO)2 with A1,04.

In the process of carry1ng out" the control experiments with (HCO)2
on A1203, an 1nterestlng temperature dependenee was observed 1n—the

infrared spectra, as shown in Figure 5. At temperatures below about

~250K, the dominant carbony1 stretching feature is seen at 1720cm'1'

upon warming above 250K, the 1720cm” -1 feauure disappears and a 1748cm” -1,
feature is enhanced. The species correspondzng to the 1748 cm -1 feature
is involatile at 305K as shown in spectrum 5(e).

He ass%gn the 1720c:m'.l feature to monomeric (HCO)2 adsorbed on .
A1,0,. For comparison (HCO),(g) exhibits a fundamental veg of 1745em”}
(35). (HCU)2 may exist as a cis or trans isomer, but both isomers have

-1 of each other. Thus, the

been shown to exhibit a veo within Tcm
adsorption by Al,05 of (HCO), moncmer is associated with a 25cm'1 decrease

, compared to (HCO)Z(g). In this context, we have observed that l

in veo
physisorbed 1300 on A'IZO3 at 100K produces an absorption band at
-1

2190cm ', or a sh1ft to higher wavenumber of 13ecm” 1 from the gas value.
This suggests that the monomer (HCO)2 {ads) is rather strongly perturbed
electronically in its adsorptive interaction with A1203.

The I748cm'1'feature which forms extensively above ~ 250K is assigned

as a polymer of (HCO)Z. It is well known that (HCO)2 will polymerize

-16-



 easily and Harris’ (34) has pub11shed an- 1nfrared spectrum of the pciymer
~which ccated his gas cell wzndcws dur1ng IR studzes of (HCG)Z(Q)
" Careful measuremenu of the Titerature spectrum indicate that\;ce for

-1

this polymer was observed at.1747cm 5 in good agreement w1th our feature

on A1,0, at 1748cn” ) o
-1

Features in the C-H stretching”region‘ét 2930cm L

and 2840cm are.
) assigned’as,ﬁolymerfaqé monomer;species Eéspectivély-and their r¢Tdtiy§»_3.
' intensity changeé oﬁ_ﬁarm{na:réugh]y paral]é! the v g intensity changes. -
' (HCO)Z(g) exh1b1ts - CH~284&cm'} (34), in good agreement wath this .
assqgnmenu, whereas the condensed polymer exh1b1ts a weak C H stretch1ng
' mode at 2924cm -1 (34) | i
VIL. SUMMAR‘{ |
(1) The adsorpt1on of HZCO or: (HCO)2 on Rh/A'izO3 surfaces produc:s
spec1es hav1ng s1m111ar 1nrrared spectra in the carbony?-'
'streuchzng region. These specaes resemb?e chemasé;bed Co at
Tow qoverages on ;rysta}lxne Rh sites. However the Rh(co)z
péciES observéd for CO adgcrpticn on fsa?ated-Rh+ sites ars
not read11y produced from either HZCG or (FCO)Z. .
(2) No spectral ev1dence is found for, the stab1lxzat1on of
chemisorbed HCO {or DCO) spec1es on Alzos-supported Rh when
| HZCO (HCO)Z, or atomic D*Co(ads) are used as potentxa1 sources
of chemisarbed HCG (or DCO) '
(3)' Stable surface spec1es are produced Trom the 1nueract1on |
of H,C0 or (HCO)2 with A?ZO3 .
We conc]ude that cuanu1t1es of HCG(ads) spec1es cannot be stabilized by

chemisorption on Rh surfaces or.on Rh- sites present on A] U -supported
-17-



Rh, even at low temperatures. This'ob;servation suggests that mechanisms

involving adsorbed hydrogen §tom attack on chemisorbed C_O.to evenfual'lyg

' pt'oduc:-e-hydlr'ocar'bm'tT pré’ducf‘s‘may be unrealistic. ~

**  The identificat'fon of spéciﬁ‘c suppliers and manufacturers is
provided to aid the reader. No endorsement of this’ ;::roduct py NBS:; :

is implied.
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Fig. 1

" “Fig. 2.

Fig. 3%

"Fig. 5.
Fig. 6.

Fig. 7.

" FIGURE CAPTIONS!

Vamab‘fe temperature mfrared ce!fi ‘The- tungsten filament -
for d1ssec1at10n of Dy to atom1c D is 1nd1cated as is the
radiat1on sh1e1d - .

Infrared spectrum of HZCO adsorbed on A1203. The sample is
dosed with fbrmaidehyde-wh1?e at: IOOK (a)-~ Spectrum b-d
1nd1cate changes wh11e warm1ng tc the: 1nd7cated temperature.;
Spectrum (e) was’ recorded a%ter evacuating the samp'le|
A 1107 -5 Torr. N : _
Infra%ed.speenrnn”pf HZCO éhemisaibed dn Rh/A?ZOQ. (a)-{c)
cofreeeond-to‘the*speEtraT’develepmenté fbliowing infroduciion

of H2C0 at SGK “Subsequent -evacuation and -saturation with

) resuited.1n spectrum (d)..

Perturbat:on of 1380 (ads) on Rh/A] beTowing eﬁEdsure to

12
H, "“CO(g).

.Infrared speéf%um of.alyoxa] (HCO)2 adsorbed on'ATZOé.
_ Infrared spectrum of (HCO)2 chemisorbed on RhﬁA1203

_ Interact1on of aucm1c deuter1um wath chem1sorbed CO on

RO/A10;.



TABLE I~
INFRARED FEATURES OBSERVED FOR H,CO:
ADSORPTION ON A1,04

(em™ )
Sample - - )
Temperature (K): <200 200-300 - >300
________ +evacuation
2977 2977 2962
2913 2013 2008 -
2788 2788 2788
2040 (br) .
1700 1776-1700 1770-1700
1584 1594
1392 1392 .-
1372 1372
1470. 1470 1470
1430 1430
unresolved
1395 1395
1280 1280 1300
1230 1230 1230

1150 1150 1150



TABLE IT
INFRARED ‘FREQUENCIES OBSERVED FOR .
THE HCO LIGAND

- Wavenumber (cm'f.-(')

| MOLECULE 1 Yeen %=0 - YHCU: (bénd) | REF
" Heo (in €O matrix) . 2488. 1861 - jodg 25
 0s(HCO) C1(c0),(PPRs), 1610 13(a}
[Iry (C0){ ¢ (HEO)T™ 1590-1610 - - 13(b)
o, mZT_ | | 1588 13(c)
| Nl |
PR
1608 13(c)
1555 - 13{c¢)
. [Et,N] [(Ph0)5PT (CO), FeHCO 1584 28
e 1577-1610 29
R S .
A 0
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N Infrared Spectrum of HZCO

o Adsofbgd on Al ;04
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Infrared Spectrum of H,CO
Chemisorbed on Rh/AI,04
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Perturbation of 1_300- (ads) oﬁ-RhlA!zOé‘z -
 Following Exposure o H21200 ()
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Infrared Spectrum of- (HCO)Q?
Adsorbed on A'2Q.3 .
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Iﬁfrafed Spectrum of (HCC))2
Chemasorbed on RhIAIZOB
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 Interaction of Atomic Deu't_eriur"ﬁs
With Chemisorbed CO on Rh/Al,04"

l | :-l;”: [ o I

(d) T=190K M
"\ De+CO (ads)|

0.4 -
"} Absorbance

(c) T= 160K
De+ CO (ads)

(b) T= 310K
.. De+CO (ads)

Abgorbance

| OD(ads)

(a) T= 310K

——Chemisorbed CO

| | | | | |
3500 3000 2500 2000 1750 1500

Wavenumber (cm'1)

Figure 7






