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Infrared Study of Carbon Dioxide Adsorption on Lanthanum 
Sesquioxide and Trihydroxide 

Alt,hough in\-rstigat,ions of the catalytic 
propert,ies of rare earth sesquioxides h:l\.c 
mukiplied in recent years (I-S), the pri- 
mary modes of surface intcr:wtions on 
t.hese matjet+:& remain largely imdetincd. 
Details of adsorption ‘dcsorption processw, 
for example, and of the nat’llrcs of :~lsorhcd 
species on I,n~Oa silrf:wes arc sparse (6). As 
part of a continuing stutly of the fund:~mcn- 
t,al cat,alytic and surface properties of basic 
lnnthanide oxides, we ha1.e applied infrared 
and clu:mtit,ativc gr:lTimctric tjecliniclues to 
t,o investigate t lie surface interactions of 
La&:~ and 1,:~ (OH):, with cnrlm~ dioxitlc, 
and report, pcrtinrntJ rtwllts in the prw’cnt~ 
communication. 

Ln(OH)3 and La20a were prcpart~tl using 
the “dehytl~~:~t~ion.‘rehycIr:ttio~l” mcthocl 
described previolwly (T ). 1sotherm:J tic>- 
composit,ion of t)he t,rihydroxidr to the type 
h (hexagonal) sesquioxidc occurs in t,wo 
stages (passing through a11 oxyhydroxidc, 
LaOOH, intermediate), and is cwnplrtc 
wit,hin lo-12 hr at, :3OO”C. So spectral 
evidence of either hulk or surface l~ydroxyls 
in the oxide remained ahove the latt,cr 
t,empernture. 13ET-S2 surface areas of 
La203 and L:I,(OTI)~~ following 16 hr c\.:w- 
u&ions at YOO and lOO”C, respectively, were 
T..5 and 18.5 rn’ ‘g. Samples for infrared 
studies were fabricated from pressed discs 
of the hydroxide and had a11 optical tlens- 
ity of 10 mg,‘cm’ (dehydrated n-eight,). 
Spectral resoliit’ion at < 2000 cm-.’ was bet,- 
ter than 1.5 cm-1 in all c:wcs. l>rscript,ionl; 
of the infrwrd cell and elrrtl.ol):ll:lnc~~? ad- 
sorption app:w:tt.lls have INW~ providrtl 
prc\.iously (T). 

Esposurc of freshly c~:klrinrd I,nzOa t)o 50 
‘I’orr of dry (‘02 at, 25°C’ c:kuscd the imme- 
diate :~ppcar:incc of infrared bands at S.‘,O 
ant1 1000 cm.-’ and a tlo~~hlet with :~I~orl~- 
:uiw maxima at 1390 and 1,500 cm-’ (Fig. 
1) which attained !,O(‘; of their final inkan- 
sitics wit.hin .i min. We ascribe t,hcse h:lnds 
to the deformation, symmetric strctjching, 
and :mtisJ-mmct.ric strekhing modes, rc- 
spectivcly, of a unidentat~r carhonatc specks 
(8), formed 1)~ intcrwtion of C”02 molecules 
nit.11 l):isic oxide ions at the sllrfwr : 
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The relat,ive l~rcxlth of the 1Z&l.i00 cm-’ 
pair refleck the extent of heterogeneity of 
the surface 02- ions. Quantitative adsorp- 
tion measurements indicated that, the level 
of surface coverage under these conditions 
was 7 to S CO, molecules/100 K?. For a 
typical (111) face of hexagonal I,n2C)~, wit,h 
(I = 3.94 I\ and c = 6.13 fi (9), t,his value 
corresponds to approximately I (‘02 molc- 
cule ‘surface O”- ion. A4s expcrt,cd, no e\-i- 
denct: was ol)ser\-cd for hicarbon:ke 
(H(X),-) species, tluc t,o t,hc lack of surface 
hgdroxyl groups on c:~kinetl Iiag03, ant1 
the :Jwnce of hands in the region l(iOO- 
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1800 (*m-l indic~ated that c:dx~xylntc face layer oc~r~rrtd IIIIWII more slowly (> 72 
(CO,-) formation dso tlocs not ou’ur in hr for complete rehytlr:rtion) than that of :t 
t,his system. “~~16~~” I,:L~O:~ s:~mple (Z-:3 hr). The r(~la- 

The observed C0-I,i;~&1~~ spedrum is in ti\-rly high conc*entr:tt ion of surfacae ( ‘( );I 
close agreement, with t’liat obtained by Auctures evidently inhibits ent,ry of II20 
Filippova et al. (10) for CO, adsorption on molecules between the O’-- :mcl (IA)) )1’+ 
t,ype A NtlzOs, and, apart from the absence layers of t,he oxide, :I$ normally occurs tlur- 
of O-H stretching bands due to crystalline ing the rehydration process (12). Intensities 
wat)er of hydration, is quite similar to the of the four COa2- infrared b:mds did not tlv 
spectrum reported by Car0 and co-workers crease, however, even after qunntit:Itively 
(11) for bulk 1~2 (CO3)3. SH,O. The latt>cl complete rehydrahion (discounting the un- 
aut,hors observed, in the region above ,000 :~vail:tble surface layer of 02- ions), indicnt- 
cm -I, “non-OH” bands for this compound ing that, the observed spectrum is thiit of :t 
at 1460, 1360, 1075, and SO cm-’ for v5, vl, t,rue surface cd~onat,e species and is not, 

VZ, ant1 ~8, respectively, and attributed due to bulk I,:L,(CO~)~ formation. 
these to ;L unidentnte coordinated CO3 E:\xcuation for 6 hr at each of several 
group. llehydration with gaseous I120 at temperatures up to 250°C (Fig. 1) cxusecl 
25°C of I,nzO:~ cont:tt#ining :1 c:2rbonnt~e siir- a narrowing of t,he 1390-l:‘,OO cm-’ tlollb- 

FIG. 1. Infrared spectra of CO2 adsorbed on La&a. LazOs sample, calcined 16 hr in uacuo at 

800°C [ (- -) background spectrum], exposed t,o 60 Torr of dry CO, at 25°C for 1 hr, and then 
evaclmted for 6 hr at each of the indicated temperatures (“C). 
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FIG. 2. Infrared spectm of CO! adsorbed ON IAa(OH):j. LaiOH):, sample, wlcilied 16 hr in ~‘u(‘w) 
;tt 1OO’C: Cc- -) backgrormd spectrum], exposed t,o sXl Tow of dry COS at 2.i”C for 1 hr, and then 

evawat,ed for 6 hr at each of the indicated ternperat.urcs (“C). 

let and consequent shift of t’he app:went, populntion dccw~:w~tl : 

1500 cm-l hand toward its true (lower) fre- () 

quency, as well as it gr:idu:d decrease in 
intensity of all four CO:i2- l~ancls :ts CO2 

ncl() 

desorbed. I~ollowing e\waat~ion nt, 27.5”(‘, i; 27JT 

weak bands appeared at 1310 and 1565 () 
0 o- + () 

cm-’ which we due to bidentat,c carhonntc IA I ,:1 I,:1 h 

(2, 
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The surface coverage under these condi- 
tions was 1 to 2 CO, molecules I100 ,T’. 
Formation of such hid(bntatc> structures sug- 
gests the existence and accessibility of ap- 
propriate anion vacancies on the oxide sur- 
face. Spectral evidence for unidentate 
CDs*- species disappeared at, 300°C and 
was followed by complete removal of the 
hidentate structures at > 350°C. 

Lanthanum trihydroxide contains at 
least two structurally dissimilar types of 
bulk hydroxide ions. The more weakly 
bound of these gives a relatively sharp in- 
frared band at 3610 cm-l and is preferenti- 
ally removed during the first stage of 
La(OH)3 dehydration (LaOOH formation) 
at 200°C (‘7). The other, hydrogen-bound, 
type is represented by a much broader in- 
frared band with an absorbance maximum 
at 3590 cm-l and is removed during LaOOH 
decomposition to the oxide at 300°C. In- 
teraction of La(OH)s wibh CO2 at 25°C 
causes proton displacement from and sim- 
ultaneous condensation of surface OH- 
ions of the second type, as shown by a 
marked decrease in intensity of the 3590 
cm-’ band of IAN following COz ad- 
sorption (7’) : 

HHHHHH 
0 1, (I) j ? ! CO2 

f 
-“;-,o 

La J,a 

0 00 0 

I I I I 
0 0 0 0 + 2H20 (ads). (3) 

La La 

Molecular water formed during this process 
remains physically adsorbed on the surface, 
as evidenced by a band that appears at 
1630 cm-l (Fig. 2), and is largely removed 
by brief evacuation at 25°C. The uniden- 

t,atcl CO;? spc~cics that result, from t*e:lc~tion 
(31 are c~\~itl~%t,ly idcntjic~al t.0 those ot)- 
taincd on I,:izO:i :md give rise t,o thr same 
four bands @GO, 1060, 1390, and 1500 cm-~‘) 
observed in Icig. 1. IIowe\*cr, the extent of 
surface coverage (7 to S (‘02 molccules;‘lOO 
KP) was virtually t,he same as that on the 
scscluioxide, the larger rclat,i~~c intensities 
of t#he bands in Fig. 2 (bornpared to t,hose in 
Fig. 1 being due to the higher surface area 
of the hydroxide. 

lTnlike t,he behavior of t,he C02-I,a20s 
system, however, evacuation at successively 
increasing temperatures, although accom- 
panied by a narrowing of the 1390-1500 
cm-l doublet, caused a marked increase in 
the intensities of all four CO:?- bands at, 
150-200°C. Little further change occurred 
unt,il >;iOO”C, when all bands began t’o 
decrease, and evacuation at >TOO”C was 
required to remove all evidence of the 

carbonate species. The two st,age of bulk hy- 
droxide dehydration t,o t#he oxide, however, 
and consequent disappearance of OH- 
bands at 3610 and 3590 cm-‘, st,ill occurred 
at 200 and 3OO”C, respectively, and ap- 
peared to be virtually unaffected by the 
presence of t,he surface CO;? layer. NO 
evidence was ohserved in any of the spectra 
for the formation of bident,ate carbonate 
species. At the high temperatures (GOO- 
700°C) required in this case to reduce the 
surface concent,ration of unidentate COP 
to a sufficiently low level, the energetics of 
formation of the bidentate structures arc 
evidently no longer favorable. 

The apparently much greater stability of 
carbonate entities that result from COZ ad- 
sorption on L:L(OH)~ compared to those 
formed on I,nzOa implies a structural dis- 
similarity between the predominant surface 
species obtained in the t)wo systems, and, 
moreover, one that persists during and after 
complet,e dehydration of the hydroxide. 
Rather than forming n simple unidentate 
C03p- species, as occurs on Laz03, inter- 
action of CO, with T,a(OH)a may, for ex- 
ample, generate a surface layer of lanth- 
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anum hydroxycnrbonute, similar t,o the bulk 
compound obtained by decomposition of 
Lan(COa)a.8H# (13) : 

IA(OH)a + ClOz = 
(LaOH)COs + H20. (1) 

COa2- ent,ities in the Iamellar hydroxycbar- 
honate sutructure are bridge-bonded be- 
t,ween adjacent (LaOH) layers. Subsequent 
thermal treatment at, 150-200°C effectIs a 
decomposition of (LaOH)CO~ that accom- 
panies the first stage of L~,(OTII)~ dehydra- 
tion and forms the corresponding oxycar- 
bonate species (13) : 

The CO:$- groups in (LaO)&O~, although 
apparently retaining their essential uni- 
dentate character, are bridged between 
(La()).“+ layers and would be expected to 
be more stable and difficult t’o remove t’han 
the corresponding species on an unmodified 
Lae03 surface : 

(Lao) zco:, ~ 6oo-iooz I&Oa + C&. (6) 

The increasing spectral intensities observed 
in Fig. 2 at 150 and 200°C may he due to 
changes in extinction coefficients of the 
COa2- vibrational modes t,hat accompany 
reaction (5). 
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