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A new micro-Fourie transfom infrared cel has been constructd and evaluate using (i) the
transformatio of aurichalcie crystak at 298—475 K, (ii) the adsorption/desorptioof pyridine on a
Cw,0O/Zn0O junction, ard (iii ) the adsorptio of CO on Pt/alumira pellets it enables spatid and time
resolution of processein sud divere sample held at known therma ard baric conditions The
potentid of this cell in catalytc and analyticd sciene is considered © 199% American Institute

of Physics [S0034-67486)00306-1

I. INTRODUCTION

Fourig transfom infrared (FTIR) microscopy has
found a broad range of applicatiors including forenst sci-
ene ard for polymers? catalysts crystals and minerals®
and in biology, medicine ard pharmacy* Typically, the area
which may be analyzel depend on the sampé but may be
10X 10 um to 795<795 um >

While high temperatug ard controlled-atmospherin-
frared cells hawe bea developéd for spectrometesr (e.g.,
used in the study of polymers, those presenty availabk for
microscopy hawe nat allowed specift in situ studies.

Here the value of a new cel for FTIR microscoyy in
controlled atmosphergard at controlled temperaturgis in-
vestigate for the transformatia of single crystak of a min-
eral for analyss of acid/bas sites at a junction ard for CO
adsorptiom on a pelleted catalyst three sample of very dif-
ferert long-rang order.

Il. EXPERIMENTAL APPARATUS

The cel designé (63X38 mm in size and 14 mm in
thickness see Fig. 1) to allow microspectroscopiinfrared
studies to be performel on surface in a reflectane mode at
298—773 K has been constructd from 18/8 stainles steel.
Its two halves were secure togethe forming agas-tigh seal
with vacuun greaseThe lower sectia of the cel is located
abo\e the condensein the sampé stag of an infrared mi-
crosco (IRPLAN; Spectra-Tech Pairs of infrared (KCI or
BaF,) windows were selecte for their high degres of optical
clarity ard their resistane to fogging unde conditiors of
use Wate cooling through surroundig piping protectel the
windows from overheating.

The supporte sampek to be investigate was locatel in
the lower sectian of the cell on the heate (Platfilm; E11340-
A-P-G-2-NR-NR Rosemouh3x3x0.6 mm, consistirg of a
10 Q) Pt heate array on a 96% alumina ceramc substratg
The heate array is shown in Fig. 2 schematicall ard by a
scanniiy tunnelirg micrograph sampé heatirg was by con-
duction through to the uppe surfae of the alumina Heater
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leads enterel the cell through gas-tigh ports The reproduc-
ibility with which temperaturgcould be achievel (measured
in terms of resistanckis shown in Fig. 3. Gasinlet ard outlet
lines allowed a reactive or purge gas to pas over the sample
at acontrolled rate The sampk temperatue was measurd in
the cel with a thermocouple Reflectane FTIR specta of
the respectie platinum ard alumira bard area showel no
distina differences in the wave numbe range 4000-550
cm Lin air or when heatel in CO at up to 573 K (se= Fig. 4)
and this lack of heater/substrat reactivity was therefore
likely to allow the use of the cel in reactiwe (as well as
unreactiveé atmospheresBackgroum subtractios for gas-
eows CO at all times were negligible but the lack of adsorbed
CO could also be witnessd in the presene of gaseos CO
by the well documentd differene in wave number Only on
heatirg in 67%C0O/33%H a 573 K were smal band for
adsorbd CO at 2183 and 2115 cm™* sea for the heater
array ard substrateHence this temperatug might be the up-
per limit of cel use without modification e.g, Au plating.

Ill. EXPERIMENT

Aurichalcite [(Cus_,Zn,)(CO;),(OH)¢] is a precursor
pha® in Cu/ZnO/alumim catalyss for methand synthesis.
Here severasingle crystak [3 mmXx0.25 mm (Gregory Bot-
tley, and Lloyd)] were studiad during heatirg in 6%0,/N, at
298 K ard highe temperaturesCalcination produce the
oxides from the minerd crystals.

A Cu,O/ZnO junction (preparé by vapa deposition
was alo studied via pyridine adsorption Adsorption was
performel ex situ and the desorptim of pyridine was studied
in situ at 298-455 K in orde to determire the presene of
acidic sites.

Prereduce 0.5%Pt/alumia pelless (Englehar¢g DeOxo-
M; 3.2 mm diamete and 3.5 mm length were also studied.
Thes had an “eggshell” Pt distribution in tha this metal
was predominantl locatal on the externd surface where
microprole analyss found the Pt/Al ratio (X10 %) to be
5-279 Thee pelles were studied after reduction in situ at
473 K in flowing 6%H,/N, for 30 min, flushing in N, at the
sane temperatureAreas (250 umx250 um) of its external
surfa@ were analyzal in reflectane 0, 30, 90, ard 150 min
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FIG. 1. Cel enablirg contrd of the temperatue and atmosphee of a solid
sampe during in situ micro-FTIR spectroscopy.

after introducirg 6%CO/N, flowing a 40 cm/min a the

same temperatureCOy is see at 2360 cm L.

IV. RESULTS

Figure 5 shows infrared specta of aurichalcie crystals
in the micro-FTIR cell at one spatiad position (a) in air at
room temperaturg(b) at 423 K in flowing 6%0,/N,, ard (c)
at 475 K in flowing 6%0,/N,. Aurichalcite band attribut-
able to the carbonat groups were presen initially at 1556,
135Q 1201, ard 971 cm ™%, but were diminished in intensity
as the crystak are treatel thermally on calcination at 423 K
ard then 475 K (i.e., a—~b—c in Fig. 5) while at the same
time the crystd color change from palke gree to bladk on
oxide formation Bands at 1425 ard 1510 cm™ 2, due to CO,
symmetrc stretchirg or OH deformatia vibratiors of car-
boxylic acid specis (1425 cm 1) or CO, antisymmeti vi-
bratiors (1510 cm™ 1) were also sea to decreas in intensity
on calcination as would be expectd since CO, would be lost
on decompositia to the oxide.

Synchrotra radiatiorf has been usel to proke the short
and long range structue in aurichalcie during heatirg at 2
K min~tin dry air at 298—723 K when cupric oxide ard zinc
oxide are produced By thes techniqus no loss of crystal-
lographt orde was sea at 583 K, which would accompany
loss of carbonat and hydroxyl groups Howeve there was
still no perceptibé chang in the Cl?" environmen even on
full decompositia to CuO ard zinc oxide at 423 K. Hence
tha assessmerof locd orde is not particularly sensitie to
ary thermaly inducel pha® changs in the aurichalcite.
X-ray diffraction does shav changs in long range orde on
heatirg to 723 K after the formation of an almog amorphous
phae at 573 K, but at the critical stag of transformatio to
a highly dispersd or amorphos pha® at 573 K, x-ray dif-
fraction is of no value The infrared approab therefore
shows aurichalcie decompositia via loss of interlaye car-
bonae groups in O,/N, atmospherg at 150-300 K lower
than the temperature deduce from thes synchrotra struc-
turd studies Often structuréd studies are restrictel to ordered
structures but here it may simply be tha carbona¢ groups
ard hydroxyl grougs are lost relatively easily, afterwhid the
migration of CU?*, Zn®", O°~ ions produ® separat phases
(and solutke ions within thesg which may be arathe slow
processilt is this which the structura studies are monitoring
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FIG. 2. Platfilm Pt resistane heate for the cel in Fig. 1 viewed (a) sche-
matically ard (b) by STM microscopy.

but only at highe temperatureshene the structurd and
spectroscojui approachs are complementary.

Figure 6 shows micro-FTIR specta of pyridine desorp-
tion after adsorptim a room temperatue on a Cu,0/Zn0O
interface Both Bronstal and Lewis sites are sea on the ZnO
surfae ard at the interface wherea there is no evidene of
adsorptim on the Cu,0O. With increasig temperatue at
298-455 K band due to Lewis sites disappeawhile those
attributabé to Bronstdal sites (althoudh small) are still detect-
able by in situ micro-FTIR.
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FIG. 3. Temperatureachievel in static air using the heate shown in Fig. 2.
Filled ard half-filled symbok denok repeatd measurements.

Figure 7 shows micro-FTIR specta of CO adsorbd on
the externd surfae of a Pt/alumira pelle at differert times.
In eath segmen studied the intensiy of absorptia for lin-
early bourd CO at 2046 cm™ ! increase as time progresseat
30-90 min. In othea words the adsorptia of CO is relatively
slow even on this time scak on the prereducd surfa@ of
supporte Pt crystallites Second the intensiy of absorption
in the segmerd at the oute edge is far stronge at any cho-
sen time than those at the cente of the externd surface In
othe words the surfae is not homogeneasiwith respetto
the extent of adsorptim of linearly bourd CO ard hene also
presumalby the concentratia or natue of the surfae Pt var-
ies with spatid positionn Auger electran spectroscop (AES)
or microproke analyss would dete¢ changs in Pt concen-
tration, but not so easiy activity in CO adsorption in the
way sea here using in situ micro-FTIR.

7.36 |—
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FIG. 4. Reflectane specta of Platfilm Pt/alumira after 25 h in
67%CO/33%H at 473 K ard flushing N, for 15 min. This shows the rela-
tive inertnes of the cel heate in tha no adsorbd CO was notel in the IR.
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FIG. 5. Infrared specta of severd aurichalcie crystak obtainel at one
spatid position (a) in air at room temperaturg (b) at 423 K in flowing
6%0,/N,; (c) at 475 K in flowing 6%G,/N, . Initial aurichalcie bands (high-
lighted at 1556 135Q 1201, ard 971 cm™?) diminishel in intensiy as the
crystak are treatel thermally, while their color change from pale green to
bladk as CuO (ard ZnO) were formed.

V. DISCUSSION

Heterogeneasicatalyss are extensivey used in chemi-
cd processing petroleun refining ard pollution control.
Neverthelessthere is insufficiert information on the chem-
istry prevailing at their surface at a microscopc levef'® un-
der reaction conditiong! and how this changs with red time
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FIG. 6. Micro-FTIR of pyridine desorptimm in N, at the (a) Cu,0/ZnO
interface (b) ZnO surface ard (c) Cu,0 surfae as afunction of tempera-
ture room temperatue (A), 313 K (B), 384 K (C), and 455 K (D).
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FIG. 7. Micro-FTIR specta of CO adsorbed on the extern# surfa@ of a
Pt/alumirapelle at 473 K after - - - 30, — 90, ard —-—-— 150 minin 6 kPa

CO in N,. Specta are shown of 400 um sections from the left-hand to the

right-hard side of the surface.

ard how heterogeneaisud a surfae really is. Thus ide-
ally, in situ analyss requires the potentid of time and spatial
resolution It is hopeal tha the presem resuls (for the trans-
formation of aurichalcie precursos to Cu/ZnQ, the concen-
tration of acidic sites at materias interfaces and CO adsorp-
tion on supporte Pt/alumira pellety at leag illustrate the
potentid of micro-IR spectroscop for spatial; thermal; and
time-resolve analyss of interfacid processesSud a cell
may therefoe hawe ausefu role in catalys characterization;
certainy even highe resolution could be achievel with a
highe flux source.
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