
may result from long-term fluctuations of 
the general circulation of the stratosphere, 
such as a decrease in the strength of the 
Brewer-Dobson circulation. However, mea- 
surements of the stratospheric circulation 
are sparse, and inferring the transport of 
photochemically active trace species is diffi- 
cult. The Upper Atmosphere Research Sat- 
ellite (scheduled to be launched in the early 
1990s) should improve our understanding 
of the stratospheric circulation and allow a 
better evaluation of the relative importance 
of the various loss mechanisms. 
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Atomic Force Microscopy of an Organic Monolayer diamine through the amide linkage to 
10,12-tricosadiynoic acid. 

Atomic force microscope images of polymerized monolayers of n-(2-aminoethy1)- 
10,12-tricosadiynamide revealed parallel rows of molecules with a side-by-side spacing 
of ~ 0 . 5  nanometer. Forces used for imaging (lo-' newton) had n o  observable effect 
on the polymer strands. These results demonstrate that atomic force microscope 
images can be obtained for an organic system. 

T HE ATOMIC FORCE MICROSCOPE 

(AFM) (1-5) is a new instrument 
suitable for imaging surfaces. The 

images consist of a series of parallel profiles 
of a surface. Each profile is obtained by 
moving a tip, which ideally is terminated by 
a single atom, across the surface with a small 
tracking force on the order of lo-' N. 
Predecessors of this instrument include pro- 
filometers (6-4 ,  the topografiner (P), and 
scanning tunneling microscopes (STM) (10, 
11). The AFM, unlike the STM, is not 
restricted to conductive or semiconductive 
surfaces. Atomic resolution imaging (2, 4) 
that approaches the resolving power of 
STMs and is much better than that of stylus 
profilometers has been demonstrated with 
AFMs. We report AFM images of organic 
molecules. 

Our AFM design is an extension of an 
earlier STM design (12) and an improved 
version of the first operational AFM design 
(4) by our group. As shown in Fig. 1, the 
sample is mounted on an (x,y,z) scanner 
(13) and pressed against a diamond tip 
mounted on a triangular microcantilever (5) 
with a spring constant of =1 Nlm. The 
deflection of the microcantilever is moni- 

tored by sensing the tunneling current be- 
tween the back of the microcantilever and a 
platinum-iridium point. Deflections for the 
data reported were on the order of 10 nm, 
which resulted in forces between the tip and 
the sample on the order of lo-' N. During 
imaging the deflection was kept constant by 
a feedback loop that controlled the height z 
of the sample. 

The dominant mass of the microcantilev- 
er-diamond tip assembly in our microscope 
is the mass of the diamond tip (= I  x lo-'' 
kg). This mass and the spring constant of 
the cantilever together give a resonant fre- 
quency of =16 kHz, which is in agreement 
with the performance of the microscope. 
The repulsive interaction with the surface 
creates another spring in parallel to the 
cantilever and increases the overall resonant 
frequency during operation. 

We imaged polymerized monolayers of 
AE-TDA [n-(2-minoethyl)-10,12-tricosa- 
diynamide] because this compound is well 
defined chemically and films in the polymer- 
ized state show a high degree of structural 
integrity when transferred to glass supports. 
This compound was prepared as the poly- 
merizable surfactant by attaching ethylene- 

Monolayers of AE-TDA were formed at the 
air-water interface bv standard methods 
(14). The films were. compressed to near 
their collapse pressure (-0.05 Nlm) to en- 
sure that they were in a crystalline state, and 
they were then polymerized by ultraviolet 
irradiation. The films had a pink-blue ap- 
pearance indicative of the conjugated poly- 
diacetylene polymer (15). After polymeriza- 
tion, the monolayers were transferred to 
glass chips with the hydrophilic side of the 
film abutting to the surface of the glass. 
Attachment of the monolayers to the glass 
surface was confirmed by fluorescent mi- 
croscopy. The polymer layers appeared 
bright orange-red under magnifications of 
x 40 to x 200 when the light was filtered 
with a rhodamine filter. The monolayers 
were comprised of tightly packed microcrys- 
talline domains between 1 and 100 Km in 
diameter and covered a total surface area of 
70 to 80%. Domains similar in dimension 
and distribution were observed bv transmis- 
sion electron microscopy when the polymer- 
ized monolavers were transferred to nitro- 
cellulose-coated microscope grids (1 6). 

0 .  Marti, B. Drake, P. K. Hansma, Department of 
Physics, University of California, Santa Barbara, CA 
93106. 
H.  0. Ribi, Department of Cell Biology, Stanford 
Universi Stanford, CA 94305. 
T. R. MTrecht and C. F. Quate, Edward L. Ginzton 
Laboraton,, W. W. Hansen Laboratories of Physics, 
Stanford university, Stanford, CA 94305. 
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Figure 2, A and B, are recordings of the z constant and recorded the fluctuations in the tween the rows was unaffected by the scan- 
voltage on the (x)y,z) scanner, which was tunneling current between the platinum- ning speed; (iv) the number of rows was 
controlled by a feedback loop to keep the iridium point and the microcantilever track- proportional to the window size; and (v) the 
deflection of the microcantilever and hence ing the sample surface. We observed the AE-TDA structure could be detected in a 
the force applied to the sample constant. In same rowlike structures on another region number of locations. 
the absence of polymerized monolayers, of the AE-TDA sample after we moved it The repeat distance between the rows was 
AFM images of clean glass surfaces appeared mechanically. However, the rows were at a in agreement with the lattice dimensions 
free of corrugation (Fig. 2A). Images of AE- different angle, as the sample had domains and polymer packing in monolayers of a 
TDA deposited on glass revealed parallel with different alignments. We moved the related diacetylenic compound (17). The 
rows with a side-by-side spacing of roughly imaging window electrically over the surface image of the hydrophobic side of the AE- 
0.55 + 0.05 nm and a corrugation of and always observed the same rowlike struc- TDA monolayer consists of the images of 
0.1 + 0.05 nm (Fig. 2B). The size of the tures with the same orientation. The total the top ends of the single molecules poly- 
displayed area and the height scale in the accessible area of 0.3 pm by 0.3 pm (with- merized into the monolayer. Polymerization 
contrast are the same in A and B of Fig. 2. out mechanical movement of the sample) occurs along one direction, which yaries for 
We kept the z voltage on the (x)y,z) scanner made the observation of two domains with different domains. The observation of rows 

different orientations and a diameter of 1 to in Fig. 2B rather than of single AE-TDA 
100 pm unlikely. The observed features ends is presumably a result of the tighter 

Differential spring 
adjusting screw appeared to be real and not artifacts because binding of the hydrocarbon tails along the 

(i) domains were observed with varying polymerization direction, which restricts the 
orientation in different runs; (ii) images of possible direction of relaxation under the 
base substrates (clean glass) showed no load of the AFM tip. Although some struc- 
structure; (iii) the side-by-side distance be- ture is visible along the rows, we cannot 

make any quantitative statements at this 
time. - - .  . Resolution of unstained or negatively 

-* 
stained monolayers of AE-TDA by means of 
transmission electron microscopy was not 
sufficient for resolving the molecular details 
observed by AFM (16). Our AFM is not yet, 
however, useful for routine imaging of bio- 

- 
+ logical materials. Further improvements in 

-. . --- - the diamond tip preparation and cleaning, 

- - - L- protection against accidental breakage of the 
Flg. 1. Setup of the AFM. The sample, a glass . --- ..- ---! - -- --. - ---- _- microcantilevers, and the development of substrate with the AE-TDA monolayer, is shown -ma ., 
by dashed lines. It is attached to the center of the - -.-F+-wrwr - - calibration samples are necessary. Recently, - - - - --- -  
(x)y,z) scanner by a phosphorous bronze clamp I -- -- -., . . - an AFM was operated on samples under -- 
and pressed against the tip of the force sensor. - - -- _ - I*-.u. __ p a r a h  oil (4), a nonpolar fluid. The STMs 
The central mounting minimizes the interferences - - ---...A ...- - - -- --- - 2  may be operated under water and aqueous 
and distortions that a signal on one axis in an a- - - -- :- _La-r - -  . . solutions (12, 18), and there is no funda- (x)y,z) scanner of the single-tube design imposes - 
on the other axes. The silicon chip holding the w mental difficulty in adding the spring and tip 
silicon dioxide microcantilever is glued to a steel for an AFM. 
wedge that has a 20' angle. The steel wedge is 
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GEOSAT Altimeter Observations of Kelvin Waves eastern half, it has been difficult to ~ O C U -  

and the 1986-87 El Niiio ment the oceanic response to these wind 
anomalies. 

We examine 2 years of sea level time series 
LAURY MILLER, ROBERT E. CHENEY, BRUCE C. DOUGLAS along the equator in the Pacific based on 

observations obtained from the U.S. Navy 
Two years of GEOSAT altimeter observations are used to investigate the response of altimeter satellite GEOSAT (7, 8). We first 
sea level to anomalous westerly wind bursts in the tropical Pacific Ocean before and focus on one unusually strong westerly wind 
during the 1986-87 El Nfio. Sea level time series along the equator show examples of burst (May 1986), which forced a distur- 
both positive and negative anomalies of 10-centimeter amplitude and 2- to 4-week bance in sea level that propagated across the 
time scale propagating across the Pacific with phase speeds of 2.4 to 2.8 meters per Pacific. This wind-sea level event is note- 
second, suggesting downwelling and upwelling Kelvin waves, respectively. A compari- worthy because it led to several predictions 
son of island wind observations with sea level indicates one instance (May 1986) in of El Nifio (9-11). We then examine how 
which a positive sea level anomaly can be related to westerly winds caused by a cross- sea level behaved along the equator during 
equatorial cyclone pair in the western Pacific. This episode was followed by additional the El Nifio, which occurred later that 
wind bursts later in the year, and finally by sustained westerlies in the western Pacific year. 
during November-December 1986, at the height of El Nfio. The GEOSAT observa- GEOSAT (GEOdetic SATellite), 
tions reveal the sea level response to these meteorological events and provide a synoptic launched in March 1985, circles the earth 14 
description of the El Niiio oceanographic phenomenon. times per day and yields coverage between 

+72" and -72" latitude. Its radar altimeter 

I T HAS BEEN SUGGESTED THAT THE meter records show that the passage of a provides a continuous record of sea level 
onset of sea surface warming in the Kelvin wave front generates eastward zonal along the satellite ground track with a preci- 
eastern tropical Pacific during an El transport in the surface mixed layer (6). sion of approximately 3 cm. Previous work 

NifioiSouthern Oscillation (ENSO) event Because of the vast size of the Pacific and the based on the limited sets of altimeter data 
may be triggered by short, intense bursts of almost complete absence of islands in the collected in the 1970s (12) demonstrated 
westerly winds in the western Pacific (1, 2). 
According to this scenario, anomalous west- 
erlies generate downwelling Kelvin waves in 
the ocean, which then propagate easnvard lo. 
along the equator. Since these waves pro- 
duce eastward zonal current anomalies and 0- 

Fig. 1. (A) Sea level time serles 
since the mean zonal sea surface temperature -lo - derived from 15 months of GEO- 
gradient is negative (colder eastward), sur- - + +  SAT altimeter data near Christmas 
face temperatures in the eastern Pacific in- -20 M 

' Island (TN, 158"W). Crosses rep- 

crease as a result of the advection of warm 9 0 - ~  resent individual altimeter observa- 
tions as determined by least-squares water zonally along the equator (3, 4). adjustment of crossover differences. 

Although other mechanisms may i d u -  - - The smooth curve shows an objec- 
ence the development of an ENS0 event, 5 70- tive analysis fit to the same mea- 
there are several reasons for believing that 5 

- surements, based on a decorrelation 

westerly wind bursts play a crucial role in $ - time scale of 15 days and a noise 
level of 5 cm. (B) Comparison of 

the initial stages. Westerly bursts are known 50 M ' A ' M J J ' A s ' N ' D / J F ' M ' A M J altimeter-derived sea level from (A) 
to occur more frequently in the western - 1985 with low-pass filtered tide gage 10 
Pacific just before an ENS0  event (I) ,  often -C time series for Christmas Island. 

in association with the formation of cross- 80-  (C) Comparison of altimeter-de- 
rived sea level from (A) (heavy equatorial cyclone pairs (2). The sea level curve) with low-pass filtered east- 

response to these bursts appears in tide gage west wind component for Nauru 
records from island stations, primarily in the 60 - Island (upper light curve) and 
far western Pacific (5). Also, moored current Christmas Island (lower light 

curve). The Nauru wind data have 
been offset in time by 23 days; 

National Ocean Service, National Oceanic and Auno- the Christmas wind data have been 
spheric Administration, Rockville, MD 20852. 1985 1986 offset in speed by 5 d s e c .  
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