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Atomic force microscope (AFM) and electrochemical scanning tunneling microscope (EC-STM) were used to exam-
ine the surface structure of zeolites (mordenite, heulandite, Linde Type A) and Cu(111), respectively. The (001) surface
of mordenite had several deep grooves and was coated with impurities, After this coating material was scraped off, the
ordered pore structure was observed. The surface structure of Linde Type A crystal indicated that the double 4-rings are
the building key unit for crystal growth, AFM images of the morphological changes on the (010} surface of heulandite
due to dissolution in a 0.2 N H:S0. aqueous solution revealed the unique dissolution process that resulted from the
characteristic pore structure. EC-STM couid reveal the surface structure of Cu(111) with electrochemically created hy-
droxy] species in an alkaline aqueous sclution. Two kinds of lattice structures were observed. AFM and BEC-STM can
provide the microscopic-level information of the surface structure of zeolite and metal catalysts.
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Fig. 1 (a) Wide-scan AFM image of the (001) surface of synthesized MOR in a 0,1 N NaOH aqueous solution. {b) AFM
image obtained by zooming in on the area indicated by an arrow in (a). When the tip of the ARM cantilever scanned
with a sufficiently large force (i. e. Z107% N) in the direction of the arrow in the figure and with a scan size of 1.31

um a small area of coating material was scraped off.

S

()

Fig.2  (a) Atomic-level AFM jmage obtained by zooming in on the area where coating material was serapad off.
(b) Model for the MOR (001} surface calculated using bulk structure data.

DL ZHZOMELHEMENHCH D 8T 223,
HEAPHE I TWD bbb, B 12 BN
LB EH NI RBRNAEEIESE L THAZ L TH
27 LheHo7 WEWE ¥454 FRAAD S
SERIZIBENTRLY, Tk, RESTHREACESRE
BOR—FALBERLTHWELOLEZ 05,5,
RARGRI M ORR A2 HAv & LT 12 RBHITLEOR
BATLRTVDSY, L LadbERicMiLA YO

R & D BRERERTER L TH 305, HBWTH
B o¥d 50 METLA Y D272 B ML S48 % B
HFLTWE0RRY, #EHOEELRT ARM B
FLEEFMIZ & 5 BIRBIRMNSE I oW T HE DL ER &
WL TWA,

3.2 LTABREEY

Fig. 3 RERETRT EAGEEB O ORES K
TH LI LTA (100) MO AFMBTH S, HiZLTA



512 EEEE H19H HeE

Fig.3 AFM image of a (100) surface of LTA in a 0.1 N
NaGH agueous solution.
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Fig.4 AFM image obtained by zooming in on the area indicated by an arrow in Fig. 3. (&) Top-view image, (b) Cross-
sectional profiles along the lines labeled 1, 2, and 3 in (a). (¢) Schematic of the framework structure of LTA obtained by
a computer program, “Insight [1” (Motecular Simulations, Inc.). Inserted is the double-four ring (D4 R).
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Fig. 5 (a) Top-view AFM image of a (010) surface of heu-
landite (HEU) in pure water. (b) Close-up top-view
AFM image of a {010) surface of HEU immersed in a
0.2 N H;S50, agueous solution for abcut 30 min at
room temperature, (¢} Cross-sectional profiles along a
broken line as shown in (b). (d) Schematic of pit for-
matien. (&) Schematic of the framework structure of el aluminositicate
HEU. (left) (001} surface. The numbers 8 and 10 indi- @ P tayer
cate the channels composed of eight- and ten-member
rings, respectively. Layer A indicates an aluminosili-
cate layer composed of corner-sharing Si0, and AlQ,
tetrahedra. (right) (010) cleaved surface. Circles are
outlines of the pores on the (010) surface,

(010)

et
cleavage plane
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Fig. 6 Schematic of the dissolution scenario of HEU in 2 0.2 N H;SO. aqueous solution.
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Fig. 7 Cyclic voltammogram of Cu(111) in 9.1 N NaOH
agueous solution at a sweep rate of 0.02 V/s, Elec-
trode are about 0.28 cm®. Electrode potential was
scanned from —(.6V to —1.1 vs Ag/AgCl The
peaks A* and C* correspond to the oxidation of sur-
face hydroxy! groups forming sub-surface OXygens
and the reducticn of sub-surface oxygens by water re-
forming surface hydroxyls, respectively, STM images
were obtained at the potential indicated by arrows.
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Fig. 8

STM images of Cu(111) surface in an 9.01 N NaOH
aqueous solution at the potential of —(.95 V vs Ag/
AgCl with V.= —16 mV and 1,= 670 pA.
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