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ABSTRACT: We present a computational and theoretical study of the size, shape, and solution properties
of tecto-dendrimers. This class of polymer, composed of a central dendrimer with multiple dendrimers
attached at its periphery, holds promise for multidrug delivery and environmental remediation applications.
We find (i) that the maximum number of tecto-units that may be attached to the central core varies
logarithmically with the ratio of the sizes of the component dendrimers, (ii) that the total density profiles
display a minimum near the junction of the tecto-units with the core, (iii) that a simple expression captures the
radius of gyration for a wide range of topologies, (iv) that the intrinsic viscosity displays a maximum as a
function of the number of tecto-units attached, and (v) that the sphericity increases with increasing number of
attached tecto-units. These results support the notion that the dendritic components can be viewed as

independent building blocks for multifunctional devices.

I. Introduction

Dendrimers, with their well-defined structure and large num-
ber of potential reactive sites, hold promise as molecular building
elements. Synthetic chemists have employed clever schemes for
producing a number of nanostructures derived from these basic
units, including dendronized polymers,' “dumbbell” configura-
tions self-assembled with DNA links, and tecto-dendrimers.> ™'
Tomalia and co-workers recently produced the latter by the
synthetic coupling of peripheral dendrimers to a central dendritic
core. The potential for multidrug delivery agents, Janus catalysts,
and heavy metal remediation agents motivates efforts to produce
this class of molecule. In particular, one can easily imagine
combinations such as an antitumor/anticapillary cocktail deliv-
ered in a single tecto-dedrimer, as was accomplished with the
polymer/lipid “nanocell” devised by Sengupta'® and co-workers.
The tecto-dendrimers, with their multiple modular components,
should permit an expansion of this elegant idea.

However, several questions regarding their physics remain
outstanding and potentially limit one’s ability to characterize,
apply, and even synthesize them. In particular, we need to
understand how their detailed topological structure affects their
physical properties and sets them apart from other synthetic
polymers. Tecto-dendrimers may be characterized by not only
their overall mass but also (like their dendrimer predecessors) the
generation of growth of the dendritic units and the number of
peripheral dendrimers attached to the central core. Moreover, the
peripheral “tecto-units” need not be of the same generation of
growth as the central dendrimer. Herein, we examine how these
topological parameters dictate the number of peripheral units
that can be attached, the mass distribution within the molecule,
their size, their viscosity, and their sphericity.

II. Model and Algorithm

We obtained our results from a combination of analytical and
computational tools. Following our previous studies,'® !’ we
applied Brownian dynamics® to coarse-grained models of tecto-

dendrimers in good solvents. The details of the simulation
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algorithm and model are found in ref 19; other than the topology,
the model and algorithm are identical to that which we used
previously in the study of dendronized polymers. We varied the
generation of dendritic growth for both the central (G¢) and the
tecto-units (Gt) as well as the number of attached peripheral
dendrimers T and the number of beads between branch points P.
Figure 1 illustrates the specific topology we studied; an example
topology of Gc=2, Gy=2, T=6, and P=1is shown alongside a
snapshot from the simulations of the corresponding model. Note
that one bead at each junction of tecto and central dendrimers
was shared. Our study includes tecto-dendrimers composed of
dendrimers whose generation of growth ranges from 2 to 6 and
values of Pequal to 0, 1, 3, 5, and 7. As discussed below, T was
dictated by crowding and varied. The tecto-units were attached in
a fashion such that they were uniformly distributed about the
circumference of the two-dimensional topological map, like that
shown in the left-hand side of Figure 1. Models with as many as
13393 beads were examined. One thousand statistically indepen-
dent samples were saved and analyzed from each simulation
trajectory. The molecules were initially generated via a kinetic
growth algorithm beginning from the central bead of the coarse-
grained model. Specifically, each new bead in the molecule was
placed in a random trial location one bond length away from its
topological predecessor (working from the central bead of the
central dendrimer outward). If the bead did not overlap any other
in the molecule, the trial location was accepted. If an overlap
occurred, a new position was tried. Up to 5000 new positions were
tested for each bead. If an acceptable position could not be
located after 5000 trials, the molecule was begun again from the
first bead. Several thousand independent attempts to grow a new
molecule were allowed for each. Upon the successful growth of a
molecule, Brownian dynamics began. This growth algorithm is
analogous to the divergent synthetic scheme, significant to the
discussion below.

II1. Results and Discussion

When considering these molecules, one immediately encoun-
ters a fundamental question that bears directly upon the limita-
tions to their synthesis: what is the maximum number Ty, of
tecto-units that can be placed around the central dendrimer?
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Figure 1. The image on the right illustrates a typical snapshot from the simulations. The tecto-units are shown in red while the central units are in blue.
The left contains a sketch of the topology studied. Here, Gc=2, Gy=2, T=6, and P=1.

Equivalently, how many spheres of a given radius Ry can be
placed around a sphere of radius Rc? This puzzle impacts not
only the physics of tecto-dendrimers but also a host of other
subjects, including tumor irradiation.”! Remarkably, this see-
mingly straightforward question remains open. Mansfield** and
co-workers addressed this subtle question within the context of
tecto-dendrimers and found an analytical form in the limit where
the central unit is much larger than the tecto-units. Specifically,
they found that Ty, = (277/3/3)(Re/Rr + 1), with R the radius
of the central dendrimer and Ry the radius of an individual tecto-
unit. Uppuluri® and co-workers found experimentally that this
limit overestimates the actual number of tecto-units that can be
synthetically attached via a convergent addition. Those authors
discuss possible reasons for this disagreement. Here we take a
more heuristic approach and arrive at an expression that covers a
broader range of the size ratio than accessible to Mansfield’s
expression. First, we note that real synthetic dendrimers are not
featureless spheres and possess a limited number T, of available
reactive sites on which to add the tecto-units. As pointed out by
Mansfield, we also know that Newton demonstrated that the
maximum number of same-sized spheres that can pack around an
identical sphere is 12. Thus, we direct our attention to the ratio
Tmax/ To rather than simply Ty, and expect that, in the limit that
all dendrimers are of the same size, this ratio becomes 12/T5,.
Now, we expect that in the limit that the central dendrimer is
larger than the tecto-units T,/ Tp is greater than 12/T; and falls
off rapidly as the size ratio approaches unity. In the region where
the tecto-units are larger than the central dendrimer, this ratio
must be smaller than 12/T (indeed, it must ultimately reach 2/7y
in the utmost of this limit, but we neglect that extreme here). In
agreement with these constraints, the simulations indicate that
a simple logarithmic correction to Newton’s result, (Tyax — 12)/
To = € In[Rc/Ry], captures the trend. The coefficient & captures
the rate at which the Ty, sites are filled and varies with the size of
the central unit.

Figure 2 illustrates the validity of our estimation of Tyy.y, as
determined from the exhaustive application of the kinetic growth
algorithm discussed above. The graph presents all of the values of
Tmax less than T,. Here, we approximate Rc and Ry with the
corresponding root-mean-squared radii of gyration, discussed at
length below, for isolated dendrimers of the appropriate genera-
tion of growth. Tables 1—4 enumerate the values of Ty, found
from the simulations for the various combinations of G, G, and
P employed in our study. For the instances where our data set
overlaps the synthetic results of Uppuluri et al., our estimates for
Tmax greatly exceed their experimental counterparts. We posit
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Figure 2. Simulation results for the maximum number of tecto-units
attached Tyiax plotted in accordance with our expected dependence on
the ratio of the central and tecto-unit radii, Rc and Rr, respectively.
Data for G¢c = 4, 5, and 6 with a range of Gt values are shown. For
clarity, only those points where Ty, began to deviate from the total
possible attachment sites 7, are included. The lines are drawn to serve as
guides to the eye only.

that the primary source of this discrepancy lies in the differences
in how the molecules were grown in the simulation versus the
synthetic scheme. The latter relied upon a convergent growth
method, attaching fully formed tecto-units to a pre-existing
central dendritic core. As more tecto-units are added to the
central dendrimer, this scheme undoubtedly results in slower
addition kinetics as physical access to the reactive sites becomes
hindered. Conversely, our simulations employed a divergent
growth scheme analogous to that used in the synthesis of many
dendrimers. The advantage of this approach is that at each stage
of growth space must be found for only one molecular segment,
not an entire dendrimer. Thus, the kinetic limitations are miti-
gated, and one should be able to reach the limiting values of Thyj.x
in a reasonable time. We predict that this will be borne out in
future synthetic studies.

We examined the mass distribution within the tecto-dendri-
mers to facilitate future efforts to exploit them in guest—host
applications. To do this, we partitioned space around the central
core of the tecto-dendrimer into a set of concentric shells. The
density as a function of distance r from this central core was
estimated as the average number of molecular segments found in
each shell multiplied by the bead volume 77, divided by the
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Table 1. Values for the Maximum Number of Attached Tecto-Units
Tnax Found in Our Simulations for P = 0 and 1 as a Function of the
Generation of Growth for the Central (G¢) and Tecto-Units (Gt)
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Table 3. Values for the Maximum Number of Attached Tecto-Units
T nax Found in Our Simulations for P = 5 as a Function of the
Generation of Growth for the Central (G¢) and Tecto-Units (G)

P Ge Gt Tvax P Ge Gt Tmax
0 2 2 6 5 2 2 6
3 6 3 6
4 6 4 6
5 6 5 6
3 2 12 3 2 12
3 12 3 12
4 12 4 12
5 10 5 12
4 2 24 4 2 24
3 24 3 24
4 17 4 24
5 11 5 16
5 2 48 5 2 48
3 33 3 48
4 22 4 30
5 12 5 19
6 2 52
3 36
4 24 Table 4. Values for the Maximum Number of Attached Tecto-Units
5 13 Tnax Found in Our Simulations for P = 6 as a Function of the
1 5 5 15 Generation of Growth for the Central (G¢) and Tecto-Units (G)

Table 2. Values for the Maximum Number of Attached Tecto-Units
Tmax Found in Our Simulations for P = 3 as a Function of the
Generation of Growth for the Central (G¢) and Tecto-Units (Gt)
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volume of each shell. Figure 3 contains the density profile for the
central dendrimer segments, pc(r), with Gc=6, P=0, and various
numbers of attached tecto-units with Gt = 5. As found in nearly
every computational study of dendritic molecules to date, a
radially decaying profile describes pc.> We also note that,
independent of the number or generation of growth of the
tecto-units added, the central dendrimer’s density profile remains
unaltered, and the tecto-units do not appear to significantly
penetrate the central dendrimer. While we find this impenetrabil-
ity in the range of P and G values studied here, the more open
structures that should arise with much larger values of P (or lower
values of G combined with intermediate values of P) likely do
interpenetrate. That the different dendrimers remain segregated
in our present study can be clearly seen from the simulation
snapshots. Figure 4 contains an example from simulations of a
Gc=5,Gt =5, P =", T = 12 molecule (all units are the same
but are colored differently to illuminate this effect). Indeed,
examining the density profile of the entire molecule, p(r), reveals
a slight minimum in the total density profile at the junction of the
central and tecto-units. This is illustrated in Figure 5 for a set of
molecules with P = 0, Gc = 6, and varying number of Gy =5
tecto-units. Note that the minimum becomes more pronounced
as the number of tecto-units 7 increases. The effect on p(r) of
increasing P to larger values is discussed in detail below.

P GC GT TMax
2 2 6
3 6
4 6
5 6
3 2 12
3 12
4 12
5 12
4 2 24
3 24
4 24
5 17
5 3 48
4 48
5 31
5 18
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Figure 3. Radial density profile of the central dendrimer unit, pc, as a
function of the distance from the topological center of the molecule, r.
Data for Gc = 6, Gt = 5, and P = 0 are shown.

Figure 6 contains a plot of the total contribution pr to p(r) due
to the tecto-units for a series of Gc=6, Gr=15, and P=0molecules
with varying values of 7. Two traits stand out from the plot. First,
the range of distances from the center of the tecto-dendrimer
where there is appreciable density due to the tecto-units is
independent of 7. Second, increasing 7 produces a corresponding
increase in the peak magnitude of pr. These facts and the
observed segregation thus imply that py is approximately 7 times
the density profile of any single tecto-unit in the molecule *pr.
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Figure 4. Snapshot from the simulation of a Gc = 5,Gy = 5, P = 7,
and 7" = 12 tecto-dendrimer. All of the units are the same but are
colored differently for contrast.
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Figure 5. Radial density profile of the entire tecto-dendrimer, p, for
Gc = 6,Gt = 5, P = 0,and a range of T'values, superimposed upon the
density profile of the central dendrimer p¢ for Gc = 6, Gy = 5, P = 0,
and 7 = 13.

Indeed, normalizing pr by T very nearly collapses the data onto a
single curve, as shown in Figure 7.

Figure 8 presents p as a function of the radial distance from the
center for G = 5, Gt = 5,and T = 12. From these plots, one can
clearly see that the local minimum in p is most pronounced at
lower values of P. This does not, however, imply that there is
substantial overlap of the tecto-units with the central unit at the
higher values of P studied here. That there is segregation between
the dendritic units can be directly observed from examination of
the snapshots, as seen in Figure 4. This trend does, however,
imply a more open and diffuse structure for larger values of P.

Thus informed about the mass distribution, we relate the
squared radius of gyration (Rgz) of a tecto-dendrimer to the
number of tecto-units 7, the mass of the central unit N, and the
mass of a single tecto-unit Nt by a simple argument. Figure 9
contains a plot of (Rgz)l/ % normalized by the bond length /, versus
the total mass of the molecule M = N¢ + TNt for 30 different
combinations of P, G¢, and Gr. Statistics on (R;}”2 were
collected on all combinations of Gc and Gt listed in
Tables 1—4 for P = 0, while only molecules with G- = 5 were
examined for topologies with P > 0. The different symbols
represent the different combinations of G¢ and P. Different
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Figure 6. Radial density profile of the tecto-units only, pr. Data for
Gc = 6,Gt = 5,and P = 0 are shown.
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Figure 7. Radial density profile of the tecto-units pr normalized by
T. Data for Gc = 6, Gy = 5, and P = 0 are shown.
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Figure 8. Radial density profile of the entire tecto-dendrimer p as a
function of five different values of P. Datafor Gc = 5,Gy = 5,and T =
12 are shown.

colors are used for each value of Gt. Clearly, despite some
qualitative features common among the curves, each parameter
combination results in an independent trend. However, a
straightforward analysis reveals the underlying relationships.
One may calculate (Rgz) by using the mass distribution p as
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Figure 9. Simulation results for the root-mean-squared radius of gyra-
tion (R, 212 plotted as a function of the total mass of the tecto-
dendrlmer M = Nc¢ + TNt. Data for a range of G¢, Gt, P, and T
are shown. The shape of the symbol represents the combination of G¢
and P (as indicated in the legend), while the color represents the value of
G (black for Gt = 2, red for Gt = 3, green for Gy = 4, and blue for
Gt = 5).

Here, R com 18 the center of mass of the molecule, which we assume
is always located at the center of the central unit. Further
assuming spherical symmetry reduces the 3-D integral to

(R = Jo dritp(r)
Jo drrp(r)

Now, as discussed above, the tecto-units do not appreciably
penetrate the central unit. This allows us to further decompose
the integrals into two regions by noting that p(r) = pc(r) for r less
than the maximum extent of the central dendrimer, R¢. Similarly,
we approximate p(r) = T %(r) for r greater than R but less than
the maximum extent of the entire molecule Ry;. Thus, we find that
we must evaluate four integrals:

Jo' dr oc(r)+ [z dr T pr(r)
fRC dr r2pe(r) +fRM dr r2Tpr(r)

~ Vi{Ry*)eNe+4n S dr T pr(r)
B VoNc+Vy TNT

(R?) =

The first integral in the numerator is the un-normalized squared
radius of gyration of the central dendrimer, (Rgz)c. The sum of
the two integrals in the denominator is proportional to the total
mass of the molecule. The bead volume V/, terms are needed to
maintain consistency with our definition of p above.

The remaining integral is nontrivial to evaluate. However, we
make progress by applying the “Flory argument due to Sheng
and co-workers for dendrimers.** Those authors found that
dendrimers obey a simple relationship between their mass N,
generdtlon of growth G, spacer P, and their size, (R,") = oaN*"G" 5
(P + 1)*3. The proportionality constant . carries units of length
squared. Thus, Ry = a'2(P+ 1)?P2N1'PG1%° + NGy,
the sum of the absolute radius of the central unit and the diameter
of a tecto-unit. The ratio y of the radius of gyration to the
absolute radius depends upon the mass distribution within a
molecule Next, we approximate T br(r) ~ TNt Vy/[*/sm(Rn® —
R)): note thdt for our dendrimer models y ~ 0.69, and the
integral becomes trivial to evaluate. The spe01ﬁc value of y for our
model was found by comparing the maximum extent of the
density profile to (R, 312 for the corresponding dendrimer. It is
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Figure 10. Simulation results for the root-mean-squared radius of
gyration (R, 212 divided by Q' (as defined in the text) plotted in
accordance w1th our pred1cted dependence on the square root of the
molecular mass (N¢ + TNT) . As in Figure 9, data for a range of G,
G, P, and T are shown. The shape of the symbol represents the
combination of G¢ and P (as indicated in the legend), while the color
represents the value of Gt (black for Gt = 2, red for Gy = 3, green for
Gt = 4, and blue for Gt = 5).

intermediate between that expected for a simple solid sphere (flat
density profile) and that for a sphere with a purely decaying
den51ty profile.”> We arrive at (Rs ) oQ/M. The coefficient Q is
givenby Q = [N¢'*G*3(P + 1) 3+ KTp)]. Note that Q contains
all of the topological information about the tecto-dendrimers.
The constant

K =—~1.26
and

[ZNTI/SGT2/5+NC1/SGC2/5}5 _NCGC2
[2NT1/5GT2/5+NC1/5GC2/5] _ 3/5GC6/5

B = Nr(P+1)*°

again taking advantage of the scaling results of Sheng.

Figure 10 presents a plot of the simulation results for all 30 data
sets contained in Figure 9, which includes all simulation results
for T > 2. The results are presented with the root-mean-square
radius of gyration normalized by Q, capturing the connectivity,
varying as a function of the square root of the total mass. By
dividing by Q, we remove the differences in the radius of gyration
due to the different topologies. As expected, all of the data fall on
essentially a single curve except for those points representing low
values of T. This systematic deviation at low T values derives
from the breakdown of the assumption that the center of the
central dendrimer lies coincident with the center of mass. Con-
versely, the success of this simple approach proves the veracity of
the central assumption employed: the different dendritic units do
not interpenetrate and may be treated as independent building
blocks.

Note that our prediction for (R, 212 indicates that the size of
the molecule initially rises rapidly with increasing number of
tecto-units T but then reaches an asymptotic limit. This is also
reflected in Figure 9, as the curve rolls over and begins to flatten at
higher values of 7. Conversely, the total mass of the molecule
continues to rise linearly with increasing 7. This suggests that a
curious trend should be observed when the intrinsic viscosity [#] is
plotted as a function of 7. Typical linear polymers display a
power-law increase in [5] with increasing molecular weight.
However, dendrimers (as opposed to tecto-dendrimers) exhibit
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a peak in [5] as a function of their generation of growth G.%*?’
This can be understood by appealing to the well-known relation
between the intrinsic viscosity and the ratio of the hydrodynamic
volume #/3 Ry to molecular mass M, [57] «< Ry;*/M. This scaling
law is easily obtained from the Einstein relation between viscosity
and volume fraction and underlies the familiar Mark—Houwink
expression relating intrinsic viscosity to molecular weight.*®
While the mass grows exponentially with G, the radius grows
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Figure 11. Estimated trends for the intrinsic viscosity as approximated
from the ratio of the hydrodynamic radius cubed Ry® to the total
molecular mass (Nc + T'Nt). Data from Gc = 6 and P = 0 are shown.
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Figure 12. Normalized sphericity 6/0p as a function of T for Gc = 5
and P = 0 topologies.
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Figure 13. Typical snapshots from simulations of Gc = 5, Gt =

T=5
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more slowly in dendrimers. Giupponi and Buzza®® demonstrated
that the scaling law due to Sheng and co-workers best captures
this behavior. Similarly, we predict that [] for the tecto-dendri-
mers will also exhibit a maximum when plotted as a function of 7.
Again, [] will vary directly with the cubed radius of the molecule
and inversely with the mass. The radius will reach an asymptotic
value as T'is increased, but the mass will continue to grow (albeit
linearly) with 7. To test this, we employed the estimate [17] =< Ry;®/
M, where Ry is the hydrodynamic radius obtained by applying
the numerical path inte%ration technique due to Mansfield,
Douglas, and Garboczi.*® Within this method, one appeals to
the mathematical similarities between hydrodynamics and elec-
trical g)olarizability. For this study, we employed the program
Zeno®! to calculate Ry, as averaged over all of our snapshots.
Other d%/namical methods such as that applied by Bosko and
Prakash™ could be employed, but this more economical method
has also proven successful for dendritic®® molecules. Figure 11
contains the simulation predictions for Ry;*/M as a function of T
for Gc = 6, P = 0, and various values of G. Similar results were
found for higher values of P, with Ry;*/M shifting to correspond-
ingly higher values. The predicted peak occurs and becomes more
pronounced with increasing values of Gt. To our knowledge, this
prediction has not yet been observed or tested experimentally.

Many of the proposed applications of tecto-dendrimers re-
quire that they interact with biological membranes. Experimental
studies by Mecke™® and co-workers demonstrate that dendrimers
create holes in lipid bilayers while tecto-dendrimers do not.
Specifically, they considered PAMAM and a Gc =7, Gt = 5,
T=10—12 PAMAM-based tecto-dendrimer. They postulate that
the lipids form a stable bilayer vesicle around the approximately
spherical dendrimers but cannot do so to surround the less
spherical tecto-dendrimers. This leads to poor association be-
tween the tecto-dendrimers and the lipids. If this postulate is
correct, sphericity may play a major role in determining the
bioavailability of tecto-dendrimers.

In order to quantify sphericity as a function of the various
topological parameters, we follow the work of Rudnick and
Gaspari.** The shape tensor Sop foranarbitrary molecule is given
by

1 M
Suﬂ = M Z("a,i _rcom,a)(rﬁ,i _rcom,ﬁ)

i=l1

where o and 3 represent the x, y, or z components of the bead
position r and center of mass r.,,. The three eigenvalues of this
tensor sy, 5», and s3 yield a quantitative measure of sphericity 6 =
1 - 3<I2>/<112> with 11 =851+ 5+ 53 and ]2 = 5152 + 5283 + 5357.
This function approaches 0 for a sphere and 1 for a cigar-shaped

T=12

5, P = 0 tecto-dendrimers with three different values of 7.
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Figure 14. Typical snapshots from simulations of Gc = 5, T = 2, P = 0 tecto-dendrimers with three different values of Gt shown.
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Figure 15. Normalized sphericity 0/0p, as a function of T for Gc = 5
and Gt = 5 topologies with varying P values.

object. We find that the apparent sphericity of our model tecto-
dendrimers depends upon the relative sizes of the central den-
drimer and the tecto-units, but more strongly upon the number of
tecto-units attached. Figure 12 contains a plot of normalized 6
values as a function of T'for G- = 5and P = 0 for three different
values of Gt. The normalization Op is the sphericity of a
generation 5, P = 0 dendrimer. Several traits are evident from
the curve. Clearly, increasing T increases the sphericity, as one
would expect. One can easily see this upon examining the snap-
shots from the simulations, as pictured in Figure 13 for a series of
Gc = 5,Gy = 5,and P = 0 tecto-dendrimers. For all three of the
G values presented Figure 12, the ratio d/0p, falls below 1 around
T = 7—10, indicating that the tecto-dendrimers may actually
exceed the sphericity of a corresponding dendrimer. However at
the lower values of T, there is a dramatic increase in the ratio,
including a maximum at 7 = 2, the most oblong topology. We
also note that increasing the value of Gt produces a correspond-
ing increase in 0/0p in this region; again, snapshots from the
simulations of G = 5, P = 0 tecto-dendrimers with Gt = 3, 4,
and 5 illustrate this qualitatively, as pictured in Figure 14. Similar

Figure 16. Typical snapshots from simulations of a generation 5
dendrimer with P = 7 (left) and a Gc = 5, Gt = 5, T = 17, and
P = 7 tecto-dendrimer (right).

trends for the dependence upon 7' manifest at higher values of P,
as shown in Figure 15 for Gc = 5 and Gt = 5 tecto-dendrimers
with a range of P values. There, the data are normalized by Op, for
a generation 5 dendrimer with the corresponding P values. As for
the P = 0 data, all of the tecto-dendrimers become at least as
spherical as their respective dendrimers for values of 7'in excess of
7. This can be clearly seen in Figure 16, which contains snapshots
for a generation 5 dendrimeranda Gc = 5, Gt = 5, T = 17 tecto-
dendrimer, both with P = 7.

IV. Conclusions

In summary, our analytical and computational studies of
tecto-dendrimers yield several predictions that should impact
both their synthesis and application. Though variegated, we find
that their dimensions and the limits to their synthesis succumb
to relatively simple theoretical predictions embodied in the
equations above. Our computational estimates for the maxi-
mum number of tecto-units that can be attached exceed that
realized in convergent synthetic schemes, suggesting that a
divergent scheme (doubtlessly more difficult to devise) may result
in a greater number of linked tecto-units. They present a mini-
mum in their density profile near the junction of the central- and
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tecto-units, a property that may play a role in future guest—host
applications. Relying upon the Flory argument of Sheng and the
assumption that the dendritic subunits do not interpenetrate, we
arrive at an expression for predicting the dependence of the size of
the molecule upon its various topological parameters. The
success of that equation further supports the notion that the
individual dendritic components may be viewed as independent
building blocks with which to construct multifunctional molec-
ular species. The expression also predicts that the size of the
molecule grows asymptotically with the number of attached
tecto-units. This suggests that the intrinsic viscosities of the
materials will display an unusual peak with increasing number
of tecto-units attached, a trait analogous to that observed in
dendrimers. This is supported by the estimation of the trend in the
intrinsic viscosities from the simulations and should be easily
tested by experimental measurements. Finally, we note that the
sphericity of the tecto-dendrimers depends upon the number of
tecto-units attached in a nonmonotonic fashion, reaching a low
when only two tecto-units are present. However, we also find that
the sphericity quickly matches that of dendrimers after the
addition of around 7—10 tecto-units. In light of the experimental
work by Mecke and company, this suggests that their bioavail-
ability may be tuned by varying the number of tecto-units
present.
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