
vation is confirmed by Fourier analysis of 
the data. The data clearly demonstrate 
mode-selective vibrational amplification. 
The decay of coherent oscillations, measured 
on an extended time scale, yields a phonon 
dephasing time of 28.6 ps (18). Figure 2C 
shows ISRS data obtained with the input 
repetition rate detuned to 2.33 THz (77.8 
cm-I). Although the strength of the pho- 
non scattering is reduced, the oscillations are 
still monochromatic with the sanle frequen- 
cy and dephasing rate. Figure 2D shows 
simulated ISRS data from the repetitively 
driven 8 0 - c m '  mode, assuming a Gaussian 
temporal profile for the train of excitation 
pulses. The numerical results are in good 
agreement with the data in Fig. 2B. 

Multiple-excitation ISRS has also been 
used to drive the 104-cm-' translational 
optic phonon mode. The results are shown 
in Fig. 3. The degree of vibrational amplifi- 
cation achieved for the 104-cm-' mode is 
comparable to that for the 80-cm-' mode. 
The intensity of 104-cm-' signal relative to 
signal from the electronic response is re- 
duced, indicating a smaller differential polar- 
izability for this mode. As with the 80-cm-' 
mode, slight detuning of the multiple-pulse 
timing led to a vibrational response with the 
sanle frequency and dephasing rate but of 
weaker amplitude. 

We note that femtosecond pulse-shaping 
technology is still evolving rapidly. Very 
recently, pulse sequences with square enve- 
lopes that would facilitate examination of 
more heavily damped or inhomogeneously 
broadened modes have been generated (1 6 ) .  
Electronically controllable masks based on 
liquid crystals have been fabricated (19) and 
will allow pulse sequences to be optimized 
as occasions demand, for exanlple, to drive 
anharmonic vibrational modes with gradual- 
ly increased delays between successive 
pulses. Other electronically controlled pulse- 
shaping techniques are also moving toward 
femtosecond time scales (12). It is clear that 
femtosecond pulse shaping will play an im- 
portant role in optical manipulation of mo- 
lecular behavior. 
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The Framework Topology of ZSM-18, a Novel 
Zeolite Containing Rings of Three (Si,Al) -0 Species 

ZSM-18 is the first known aluminosilicate zeolite to contain rings of three (Si,Al)-0 
species (3-rings). Its framework topology has been determined by hypothetical model 
building, subsequent constrained distance and angle least-squares refinements of 
atomic coordinates, and x-ray powder diffraction pattern simulations. Its channel 
structure is characterized by a linear unidimensional 12-ring channel, with an 
approximate pore opening of 7.0 angstroms. In addition, the channels are lined with 
pockets that are capped by 7-rings with dimensions of 2.8 angstroms by 3.5 
angstroms. An intraframework packing model of the organic moiety used in the 
synthesis suggests that a strong ternplating effect may be responsible for the formation 
of this unusual zeolite structure. 

T HE ALUMINOSILICATE ZEOLITE 

ZSM-18, reported by Ciric in 1976 
(I), is synthesized in the presence of 

Na' and the triply charged tris-quaternary 
ammonium cation 2,3,4,5,6,7,8,9-octahy- 
dro-2,2,5,5,8,8-hexamethyl-lH-benzo[l,2- 
c:3,4-c1:5,6-c"]tripyrrolium (l), 

hereafter referred to as the triquat cation (2, 
3). The synthesis was prompted by the 
hypothesis that large quarternary arnmoni- 
urn cations may serve as effective templates 
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in the crystallization of zeolites from alumi- 
nosilicate gels, which, upon calcination, will 
leave large pores in the zeolite product. 
Large-pore zeolites have significant applica- 
tion in petroleum refining and petrochemi- 
cal processing. 

ZSM-18 crystallizes with product ratios 
of Si02 to d 2 O 3  ranging from 10 to 30 (1). 
It has high sorptive capacity for large mole- 
cules. For the stable H form, sorptions as 
high as 23.4% (by weight) for H 2 0 ,  15.0% 
for tl-hexane, and 14.7% for cyclohexane 
have been observed ( 1 ) .  

Preliminary studies of ZSM- 18 indicated 
that the unit cell is hexagonal with lattice 
parameters of a = 13.2 A and c = 15.8 A (1). 
The structure was solved when it was recog- 
n u d  that the difference between the c param- 
eter of ZSM-18 (15.8 A) and one-half the c 
parameter of the aluminophosphate MAPSO- 
46 (AFS) framework (13.45 A) is 2.35 A ( 4 ) ,  
which is approximately equal to the 0 . . . 0 
distance in an (Si,Al)04 tetrahedron. In con- 
sidering the AFS framework, it was noted that 
this particular structure is built entirely out of 
capped 6-rings. The cap consists of a single T 
atom (where T is a tetrahedrally coordinated 
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atom, either A1 or P in this case) bridging 
three T atoms in the 6-ring through 0 atoms. 
Two capped 6-rings, one a mirror image of 
the other, are joined together through three 
shared 0 atoms to fonn a unit that is capped 
at both ends (2 and Fig. 1). Six of these units 
are then joined together through their edges 
to form 12-ring channels pardel to the c axis. 

When two aluminosilicate 6-ring caps are 
linked together through a single 3-ring (3) 
instead of to each other through shared 0 
atoms, the length of the doubly capped unit 
increases from 13.45 to 15.8 A, which is 
exactly the c parameter in ZSM-18. Two 
structures, models A and B, can be built 
with this unit. The symmetries of models A 

and B are defined by space groups ~ 6 2 ~  and 
P63/m, respectively. We refer to the building 
unit as the (34656) or (345)-unit, since it is 
composed of one 3-ring, six 4-rings, and six 
5-rings (3 and Fig. 1) (5 ) .  The 3-ring is 
bounded on all sides by 5-rings, which may 
add stability to the (345)-unit configura- 
tion. In both structures, six of the 1345)- ~, 

units link together through their edges to 
form 12-ring channels parallel to the c axis; 
the unit cell n parameter (13.2 A) remains 
the same as that of the AFS framework. The 
two models differ from each other by the 
absence or presence of translations of the 
(345)-units along the c axis. In model A, no 
translation is involved; in model B, alternat- 
ing columns of (345)-units are rotated 60" 
and then translated one-half the c axis (Fig. 

1). 
A third model, C, with space group sym- 

metry ~ 6 2 ~ ,  may also be constructed if the 
single T-atom caps (either Si or Al) above 
the 6-rings in model A are replaced with 3- 
rings (Fig. 1). This produces another new 
unit, designated the (3*512) or (35)-unit, 
which is composed of two 3-rings and 
twelve 5-rings. The secondary building units 
(SBU) required for model C include the use 

AFS 
Model A 

Columns of (345)-units 

Model B (ZSM-18) Model C 
Columns of (345)-units Columns of (35)-units 

Fig. 1. Comparison of the basic building units in AFS and in models A, B, 
and C. Crystallographic data for_structures in this new 3-ring series are as 
follows: model A, space group P62m (no. 189),  a = 13.08 A, c = 15.58 A; 
model B (ZSM-18) ,  space group P6'6,/m (no. 176),  a = 13.175(3) A, c = 

15.848(6) A; and model C, space group P62m (no. 189),  a = 13.70 A, c = 
14.12 A. 

of the new single 3-ring unit plus a single 6- 
ring. " 

All three models were subjected to a 
constrained distance and angle least-squares 
(DLS) refinement of atomic coordinates 
(6) .  In these refinements, the prescribed 
T-0 distance was optimized at 1.61 A, and 
the T-0-T bond angle at 145"; the lattice 
parameters were included in the refine- 
ments. Very low R and u values (7), typical- 
ly 0.008 and 0.05, respectively, were ob- 
tained. Comparison of the simulated x-ray 
diffraction (XRD) powder patterns of these 
models (8) with the observed pattern of the 
H form of ZSM-18 (H-ZSM-18) demon- 
strated that model B was the framework 
structure of ZSM- 18. 

We indexed the observed XRD powder 
pattern for H-ZSM-18 by using the known 
crystallographic indices derived for model B, 
and the lattice parameters were determined 
by least-squares refinement with the use of 
19 reflections; the refined hexagonal lattice 
parameters are a = 13.175(3) A and c = 

15.848(6) A (the number in parentheses is 
the standard error in the last digit). Model B 
was then further refined with DLS, but with 
the lattice parameters fixed at the experi- 

(calculated) 1 

Model C 
(calculated) 

1 / /  Model B 1 

Fig. 2. Comparison of the experimental XRD powder pattern of H-ZSM-18 
with the calculated patterns of models A, B, and C. 
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Table 1. Fractional unit cell coordinates for H- 
ZSM-18 (model B) (space group: P6Jrn, no. 
176; a = 13.175(3) A, c = 15.848(6) A). 

Atom Posi- 
tion* Y z 

*The letters d, f, h, and i correspond to the Wyckoff 
notations. 

mentally determined values for H-ZSM-18. 
The final R and a values were 0.0098 and 
0.05 1, respectively. 

The DLS-refined atomic coordinates for 
H-ZSM-18 are presented in Table 1. A 
comparison of the observed and calculated 
XRD powder pattern of the H form, based 
on the final atomic coordinates and unit cell 
parameters, is shown in Fig. 2. [Diffraction 
data used in this study were obtained with 
CuKa x-rays on a CSSNicolet powder dif- 
fraction system with a 20 step size of 0.04" 
and a 4-s-per-step counting rate (0 is the 
Bragg angle) (9).]  Minor intensity differ- 
ences observed at low diffraction angles are 
due to the presence of sorbed water in the H 
form material. The suppression of low-angle 
diffraction intensities caused by sorbed wa- 
ter in zeolites is well known. 

ZSM-18 is, to our knowledge, the first 
example of an aluminosilicate zeolite con- 
taining 3-rings of tetrahedral (Si,Al)-0 spe- 
cies. Previously, 3-rings containing Be-0 
species were observed in a beryllosilicate 
[lovdarite (lo)], but 3-rings in aluminosili- 
cate or aluminophosphate materials were 
unknown. Linking the novel (345)-unit in 
the ab face produces an open 12-ring chan- 
nel that is lined with pockets. The pockets, 
which are capped by 7-rings, can be accessed 
from the open channel through 12-ring 
apertures (Fig. 3). The threefold symmetry 
produced by the linking of the (345)-units 
does not permit stacking faults to occur, and 
thus the channel cannot be blocked by 
framework material. 

Despite the unusual structural features (3- 
rings and 7-rings), DLS refinement of the 
structure was straightforward and con- 
verged to very low R and a values (see 
above). The T-0 bond distances ranged 
from 1.58 to 1.63 A, and non-symmetry- 
constrained T-O-T bond angles ranged 
from 135" to 151". As might be predicted, 
the smallest T-O-T angles (135") involved 
atoms within the 3-rings, but the deviation 

from an "ideal" T-O-T angle was only 
about 10". Oxygen atoms constrained by the 
threefold axis during the DLS treatment, 
with a linear T-O-T angle (180°), represent 
an average structure describing an infinite 
set of displaced 0 atom positions with 
varying occupancies. Thus, the 180" bond 
angle >bout 01 is a manifestation of the 
symmetry constraint of the average structure 
described here and should not be viewed as 
an actual linear T-O-T linkage. ., 

Although the three-dimensional structure 
has only threefold symmetry (61, in projec- 
tion the ab face dis~lavs a sixfold axis. The 

L ,  

12-ring channel has a nearly circular poFe 
opening with dimensions of 6.9 A by 7.0 A, 
and so it is sli6htly larger than mordenite 
(6.5 A by 7.0 A) but smaller than faujasite 
(7.4 A by 7.4 A). (Pore size calculations 
assume an 0'- radius of 1.35 A,) In addi- 
tion, ZSM-18 has a 7-ring "channel" that is 
perpendicular to the 12-ring channel. Its 
aperture has minimum and maximum open- 

Fig. 3. Stereo views of the ZSM-18 
framework (model B). (a) Top 
view through the 12-ring. (b) Side 
view through 7-rings. 

ings of 2.8 and 3.5 A, respectively. As found 
for other zeolite pore systems, the effective 
pore size of this 7-ring channel can be 
estimated to be nearly 1 A larger than the 
crystallographically determined value (1 I), 
thus potentially permitting diffusion of 
small normal paraffins and olefins. [For ex- 
ample, the kinetic diameters for CH4, C2H4, 
and n-C4Hlo are 3.8, 3.9, and 4.3 A, respec- 
tively (12) .] 

The framework density (FD), the number 
of tetrahedral (Si,Al) atoms per 1000 A3, is 
14.3, which is slightly greater than for the 
zeolites faujasite and Linde type A (12.7 and 
12.9, respectively) but significantly less than 
for mordenite and ZSM-5 (17.2 and 17.9, 
respectively) (10). The FD of ZSM-18 is 
consistent with the tabulation by Brunner 
and Meier (13), which demonstrates that the 
frameworks of lowest FD are those with a 
maximum number of very small rings (such 
as 3- or 4-rings, or both) per T atom. 

One can explore the role of the triquat 

Fig. 4. Illustration of the b influence of the triquat cat- 
ion as a template on the 
formation of the ZSM-18 
framework. (a) Stereo view 
of the triquat cation (3); (H 
atoms are omitted). (b) 
Outline of the (Si,AI) frame- 
work benveen z = 0 and 
z = 112, as viewed along the 
[001] unit cell direction. 
The proposed locations of 
the triply positive triquat 
cations relative to the 3- 
rings in the framework are 
shown. (The cations are 
drawn to the same scale as 
the framework.) 

16 MARCH 1990 REPORTS I321 



cation as a template by examining the interi- 
or volume defined by the channel and pock- 
et features of the ZSM-18 structure. A slice 
of the unit cell between z = 0 and z = 112 
can be viewed along the c axis to  outline the 
largest interior volume projection. Since the 
structure of the triquat cation is known (2,  
3 ) ,  it can be drawn to scale within that 
volume. A stereo drawing of the triquat 
cation and the proposed locations of the 
triply charged ions within the ZSM-18 
structure are shown in Fig. 4. The scaled 
projection drawing shows that the triquat 
moiety must occupy rather specific positions 
within the framework structure of ZSM-18. 
The probable arrangements of aluminosili- 
cate anions and organic cations that would 
favor cocrystallization make it less surprising 
that a 3-ring of aluminosilicate material 
could form t o  balance the positively charged 
triquat. Clearly, this suggests, however, that 
the formation of ZSM-18 and perhaps any 
3-ring aluminosilicate zeolite may depend 
on the judicious choice of a bulky, multiply 
charged, cationic templating species. 
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Amazon Deforestation and Climate Change 

A coupled numerical model of the global atmosphere and biosphere has been used to 
assess the effects of Amazon deforestation on the regional and global climate. When 
the tropical forests in the model were replaced by degraded grass (pasture), there was a 
significant increase in surface temperature and a decrease in evapotranspiration and 
precipitation over Amazonia. In the simulation, the length of the dry season also 
increased; such an increase could make reestablishment of the tropical forests after 
massive deforestation particularly difficult. 

T HE DISTRIBUTION OF GLOBAL VEGE- 

tation was traditionally thought t o  
be determined by local climate fac- 

tors, especially precipitation and radiation. 
This view has been modified because con- 
trolled numerical experiments with complex 
models of the atmosphere showed that the 
presence or  absence of vegetation can influ- 
ence the regional climate (1-3). One impli- 
cation of these results is that the current 
climate and vegetation may coexist in a 
dynamic equilibrium that could be altered 
by large perturbations in either of the two 
components. The high rate of deforestation 
in the Brazilian portion of  Amazonia, from 
25,000 to 50,000 km2 per year (4-7), might 
thus be expected to  have an effect on  the 
regional climate. If deforestation were to  
continue at this rate, most of the Amazonian 
tropical forests would disappear in 50 t o  
100 years. 

Removal of the Amazonian forest would 
also have tremendous effects on species di- 
versity and atmospheric chemistry ( 8 ) .  The 
Amazon basin is host to  roughly half of the 
world's species, and the intensity and com- 
plexity of  plant-animal interactions (9)  and 
the rapid nutrient cycling in the soils (10) 
make the region vulnerable to external dis- 
turbances. The Amazon is also an important 
natural sink for ozone and plays an impor- 
tant role in global tropospheric chemistry. 
The present study is mainly confined to the 
assessment of the effects of deforestation on  
the physical climate system. 
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Quantitatively estimating the effects that 
large changes in terrestrial ecosystems can 
have on temperature, circulation, and rain- 
fall has been difficult because the equilibri- 
um climate is determined by complex'inter- 
actions among the dynamical processes in 
the atmosphere and thermodynamic pro- 
cesses at the earth-atmosphere interface. Re- 
alistic models of the biosphere that can be 
coupled with realistic models of the global 
atmosphere have only recently been devel- 
oped ( 1 1 ,  12). In this report, we describe the 
use of a coupled atrnosphere-biosphere 
model (13, 14) to  investigate the conse- 
quences of the removal of Amazon forests 
on  climate. 

In the simulations, we assumed that the 

Fig. 1. The South American region. Stippling 
depicts the area covered by the tropical forest in 
the control simulation. The area marked with 
bold lines was used for the areal averages of Fig. 3 
and for Tables 1 and 2. 
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