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The unique &ility of highly branched
polyamidoamine (PAMAM) dendrimers as gabili zers and
templates for the formation of inorganic nanoclusters has
been demonstrated.  ? To get uniformity in the physicd
properties of polymer nano-composites, homogeneous
distribution of dendrimers in a polymer matrix is an
important issue. In this study, we investigate the
morphologicd behavior of PAMAM dendrimers in
amorphous and crystalline polymers using conventional
transmission eledron microscopy (TEM) with staining
and small angle X-ray scattering (SAXS).

To disperse dendrimers uniformly in an amorphous
interpenetrating polymer networks (IPN), the dendrimers
were dislved in 2-hydroxyethylmethaaylate (HEMA)
and the monomer was polymerized. For the synthesis of
metal nanoclusters, the dendrimer-poymer networks
swollen in water were placed into agueous lutions of
inorganic metal salts for one week and the metal salts
were washed out by water or hydrochloric add. The
network pieces were transferred into a solution of
reducing agent, and then washed again with water, and
dried in vaaum. To dbserve the dendrimers in
crystalized pdymer, hydrolyticdly stable gels were
formed by diswlving portions of the vinyl surfone
terminated pdy(ethylene glycol) and 5% dendrimers into
polar solutions of water, methanol or DM SO, and cured.

SAXS data were olleded a the Advanced
Polymer Beam Line & Brookhaven National Laboratory,
X27C as described elsewhere? For TEM, cryo-
microtomed eledron transparent thin sedions were
stained by aqueous phosphotungstic add (PTA) solution
on Cu TEM grids and olserved using a TEM. The
measured dameters of various generations of dendrimers
using SAXS and TEM are summarized in table 1.

When a 1% PAMAM G9 in PHEMA IPN was
stained with PTA, individual dendrimers are reveded,
having dark contrast in the dedron micrograph. They
appea to be well dispersed in the matrix, as $iown in
Figure la. The formation of Pt nanoclusters in the
PAMAM dendrimers in the PHEMA is confirmed by
unstained TEM images. They reved the dark contrast of
Pt nanoparticles in the matrix (Fig. 1b). When these
samples are stained with PTA, it is clealy demonstrated
that Pt coll oids with the darkest contrast are formed inside
of the G9 PAMAM dendrimers that have alighter gray
color, as rown in Figure 1c. In other samples comprised
of crystalized PEG with spherulitic aystal structures,
PAMAM dendrimers are incorporated in the inter PEG
lamellar crystals with amorphous portion of PEG chains
(Figure 2). Figure 2ais the RuQO, stained image showing
the eenter of a spherulite radiating crystal lamellae RuO,
has gained the amorphous regions containing more free
volume than chain folded crysta lamellae In a
crystallized PEG and G8 dendrimer network, sphericd
dendrimers are distributed in amorphous regions between
PEG lamellar crystals, as $1own in a PTA stained image
of Fig. 2h.
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Table 1. Size measurements on PAMAM dendrimersin IPN

from TEM and SAXS (Unit: nm)
Dendrimenrs G7 G8 G9 G10
Theaveragesize

in IPN from TEM 9.6+0.4 [11.7 +0.8[ 14.7+1.6
The average size

in IPN form SAXS| 8.0 +0.8|9.6 +1.0 13.7+1.3

in PHEMA; (b) Pt nanocoll oids formed in a G9
dendrimerPHEMA compasite; (c) after PTA staining the

sample imaged

in (b)

e

Figure 2. TEM images of G8 dendrimersin PEG
spherulites; (a) RuO4 stained; (b) PTA stained



