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ABSTRACT

This paper describes postgrafting of hyperbranched dendritic
polyamidoamine initiated from terminal amino groups of poly-
mer chains grafted onto ultrafine silica surface in order to mod-
ify the silica surface. Surface grafting of polymer having termi-
nal amino groups as initiator sites was performed by a reaction of
terminal diamine-type polyoxyethylene with epoxy groups pre-
viously introduced onto the surface by 3-glycidoxypropyltri-
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methoxysilane treatmenf he postgrafting reaction of dendritic
polyamidoamine from the terminal amino groupassvachieed

by repeating the Michael addition of mgtlacrylate to amino
groups follaved by amidation of the resulting ester moieties with
ethylenediamine or heametlylenediamine. Both the amount of
amino groups and the percentage of postgrafting of the resulting
polyamidoamine increased with an increase in the number of
generations: the amino group content increased from 0.40 mmol/g
to 2.68 mmol/g, and the percentage of postgrafting reached
61.0% after the 12th generation by usingykthediamine in
amidation. These walues, hwever, were considerably smaller
than the theoreticalalues. This indicates that the postgrafted
polyamidoamine a&s a lgperbranched polymembnot a precise
dendrimer Ethylenediamine as a reactant in amidatioasw
more efective than heametlylenediamine, and awcontent of
initial amino groups as also preferred to a ¢gr amount of them
probably because of steric hindrance in the prapag of typer
branched dendritic polyamidoamin&.he aerage particle size

of hyperbranched dendritic polyamido-amine-postgrafted silica
measured by light scattering photometry increased with an
increase in the number of generations of the resulting polyami
doamine.

INTRODUCTION

The dispersibility of ultrahe inoganic particles, such as silica, titanium
oxide, and carbon black, inganic solents or polymer matrices is kno to be
remarkably impreed by surdce grafting of polymers onto these particles [1-3].
The polymer chains grafted onto the agd are considered to interfere with the
aggreation of particles and increase thérafy of the suréce for solents and
polymer matrices.

We hare already reported the sacke grafting of arious polymers onto
these ultrahe particles by the polymerization of ariety of monomers initiated
by initiating groups nely introduced onto these sades. Br instance, the
anionic, cationic, and radical grafting aéinous polymers onto these sagés
are initiated by potassium carboxylate [4, Sliaen perchlorate [6, 7], and azo
[8, 9], respectiely. Furthermore, we pointed out tharius polymers with
well-defined molecular weight and structure also grafted onto these particles by
the reaction of suaice reactie groups introduced, such aylaazide [10], ayl
chloride [11], and acid apdride [12] groups, with ydroxyl- or amino-capped
polymers.



Downl oaded At: 12:46 24 January 2011

POSTGRAFTING OF DENDRITIC POIMER 359

Recently we reported postgrafting reactions olvexal polymers by
using pendant azo [13], @m perchlorate [14], and glycidyl [15] groups intro
duced to grafted polymer chains on the uit@particle sudices. By these post
grafting reactions, branched polyngrafted ultraine particles with higher per
centage of grafting were obtained, and the dispersibility and the wettability of
the particles were able to be controlled.

‘Dendrimer’ which is representa& of hyperbranched polymers has
attracted considerable attention in tieddf of polymer chemistry due to itmique
properties [16-19]. Dendrimers are constructed from identical monobugide
ing blocks carrying branching sites which are located in a spherigabmund
a core. The synthesis of dendrimers by thealjent method starts from an-ni
tial core with one or more functional grougdhese are coerted using monomers
with protected reacte sites. The remwoal of the protecting groups and the
repeated reaction with monomer units leads toxmomential increase of func
tional groups on the sate of the spherical molecule. Umiknost traditional
polymers, we can t&kprecise structural control/er the molecular weight as
well as chemical and phical properties of dendrimers.

In the preceding papewe reported the grafting of dendritic polymer
onto ultrafne silica particles by the wBrgent method started from amino groups
introduced onto the swate [20]. Combining dendritic molecule with linear
polymer haing well-defned molecular weight and structure igected to pro
vide novel architecture and properties. In the present paperefore, we dealt
with the postgrafting reaction of dendritic polyamidoamine by thvergknt
method started from terminal amino groups of linear polymer chains with well-
defined molecular weight and structurepoaisly grafted onto the silica sade
(Figure 1). Furthermore, wevesticated the relationship between the number of
generations and particle size of dendritic polyamidoamine-postgrafted silica by
light scattering photometry

EXPERIMENTAL

Materials

Ultrafine silica used was Aerosil 200 obtained from NippoAerosil
Compaly, Ltd., Japan.The specit surface area and particle size were 200 m2/g
and 16 nm, respeuBly. The content of sualce silanol groups as determined
to be 1.37 mmol/g byolumetrically measuring the amount of ethave\ed by
reaction with trietiglaluminum [21, 22].
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Figure 1. Sketching illustration of dendritic polyamidoamine-postgrafted silica.

Methyl acrylate (MA) obtained from Kanto Chemical Co., Inc., Japan
was dried wer sodium sulite and distilled under reduced pressure before each
usage. Etylenediamine (EB), hexametlylenediamine (HMB\), and methanol
were obtained from Kanto Chemical Co., IAthese were reflied over sodium
and distilled just before use.

3-Glycidoxypropyltrimethoxysilane (GPMS) (Kanto Chemical Co., Inc.)
and 3-aminoprogtriethoxysilane (APES) (Kanto Chemical Co., Inc.) were used
without further puriication. Terminal diamine-type polyoxyegtene (POE) s
kindly supplied by Sayo Chemical Industries, Ltd., Japdine numbereerage
molecular weight (Mn) w&s 1000 and 3000They were driedn vacuoat 110C
for 48 hours before use.

Toluene and m-xylene obtained from Kanto Chemical Co., Inc. were
washed with concentrated sulfuric acid, aqueous alkali and paies; \wuc
cessvely dried wer calcium chloride, reflled over sodium, and distilled
before use. All other reagents were of the highest grade commercially
available.
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Grafting of POE Having Terminal Amino Groups onto Silica Surface

Introduction of Epoxy Gups onto Silica Surface by GPMf®&atment

The introduction of epoxy groups onto the silica acefvas achieed by
the treatment of swate silanol groups with GPM®\ typical example is as fol
lows. Into a 300 mL flask, 5.0 g of silica and 150 mL of 5% toluene solution of
GPMS were chged, and the mixture ag reflued for 8 hours under stirring
with a magnetic stirrerAfter the reaction, the mixtureas centrifuged, and the
precipitate vas etracted with toluene for 24 hours using a Soxhlet apparatus.
The resulting silica &s driedn vacuoat room temperature and stoliedvacuo
at 110C.

Grafting Reaction of POE with Epoxy @ips on Silica Surface

Grafting reaction of POE kiang terminal amino groups (NH2-(POE))
onto the silica sudce, i.e., introduction of ‘initiator site$or propagtion of
dendrimer vas achieed by the reaction of terminal amino groups with epoxy
groups attached onto the sagé. A typical example is as folls. Into a 300
mL flask, 5.0 g of silica hang epoxy groups, 5.0 g of NH2-(POE), and 150 mL
of m-xylene were chged, and the mixtureas reflued for 24 hours under stir
ring with a magnetic stirrerAfter the reaction, the mixtureas centrifuged, and
the precipitate as etracted with m-xylene for 24 hours using a Soxhlet appa
ratus in order to renve ungrafted NH2-(POE)The resulting silica as dried
and stored inacuo at room temperature.

Postgrafting of Dendritic Polyamidoamine from Terminal Amino Groups
of POE Grafted onto Silica Surface

Postgrafting reaction and propgn of dendritic polyamidoamine from
the terminal amino groups of POE grafted onto the silicasanas achieed
by repeating tw processes: (1) Michael addition of MA to amino groups on the
surface and (2) generation of terminal amino groups by amidation of resulting
ester moieties of MA with ER or HMDA. A typical example is as follas.

Michael Addition

Into a 100 mL flask that contained 0.50 g of NH2-(POE)-grafted silica,
20 mL of methanol and 0.20 mL of MA (1.3 egpient to amino groups) were
added. The flask vas sealed under dry nitrogen, and the mixtuas atirred
(120 rpm) at 50C. After 24 hours, the resulting silicaas precipitated by cen
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trifugation (1.5% 104 rpm for 1 hour) and repeatedlasihed with methanol to
remove unreacted materials.

Regenemtion of Terminal Amino Goups byAmidation

Into a 100 mL flask that contained the silica after Michael addition, 20
mL of methanol and 1.0 mL of ED(large excesses to terminal ester moieties)
were added. Subsequent procedures were similar to those of Michael addition.

The propagtion for the second generatiorasvcarried out as foles.
Into a 100 mL flask that contained the silica obtained after theeatvm
processes, 20 mL of methanol and 0.40 mL of MA (twice thlarae of the
preceding reaction; 1.3 egaient to theoretical amino groups) were added in
Michael addition. Similarly20 mL of methanol and 2.0 mL of BD(twice
the wlume of the preceding reaction;darexcesses to terminal ester moieties)
were added in amidatioriThese tw reactions of Michael addition and amida
tion were repeated for the promdagn of lyperbranched dendritic polyami
doamine from the terminal amino groups of POE grafted onto the silica
surface.

Determination of Amino Group Content

The content of amino groups of the dendritic polyamidoamine-post
grafted silica vas determined by consumption of HCI aqueous solution [20, 23].
Into a 100 mL flask, 0.10 g of polyamidoamine-postgrafted silica and 20 mL of
0.01 mol/L HCI aqueous solution were dalpeal, and the mixtureas stirred with
a magnetic stirrer at room temperature for 2 holfser the reaction, the mix
ture was fltrated, and theiltrate was back-titrated with aqueous solution of
sodium lydroxide (0.01 mol/L) using phenolphthalein as an indicaitien the
amount of terminal amino groups per 1.0 g of pristine NH2-(POE)-grafted silica
was calculated by the folng equation:

Amino groups (mmol/g) = (HCI (mmol)/0.13 {1 + (PG (%)/100)},
where HCI (mmol) is the number of moles of HCI consumed for the reaction
with polyamidoamine-postgrafted silica, and PG (%) is the percentage of post
grafting \alue of polyamidoamine obsexy.

Determination of Percentage of Grafting

Percentage of grafting of POEMag terminal amino groups onto the
silica surfice vas determined by the folleng equation after Soxhlek&action
and drying in the grafting procedures:
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NH,-(POE) grafted (g)
Grafting (%) = x 100
Silica charged (g)

The amount of NH(POE) grafted onto the silica sace was deter
mined by weight loss when NHPOE)-grafted silica as heated at 50C by
use of a thermal analyzer (Shimadzhermograimetric AnalyzerTGA-50).

In the case of the silica obtained from the postgrafting reaction ef den
dritic polyamidoamine, the polymegrafted silica vas dispersed in methanol,
and the dispersion as allaved to centrifuge at 1.8 10' rpm. The silica pre
cipitated vas repeatedly ashed by re-dispersing in methanol and centrifuging.
The percentage of postgrafting anceiall grafting were calculated by the ol
lowing equations:

Polyamidoamine postgrafted (g)
Postgrafting (%) = x 100,
NH,-(POE)-grafted silica charged (g)

Total polymer grafted (g)
Overall grafting (%) = x 100.
Naked silica (g)

The amount of polyamidoamine postgrafted and total polymer grafted
onto the silica sudte vas determined by thermal analyzer as mentionedeabo

Determination of Particle Size Distribution of Polyamidoamine-
Postgrafted Silica

A prescribed amount of polyamidoamine-postgrafted siliaa dispersed
in 20 mL of methanol and ag allaved to undego supersonic ae at room tem
perature.After a deinite time, particle size distrition and serage particle size
of dendritic polyamidoamine-postgrafted silica in metharad measured by light
scattering method using a Photal DLS 700 Light Scattering Spectrophotometer

Infrar ed Analysis

The infrared spectra of polymgrafted silicas were recorded on a
Hitachi Infrared Spectrophotometer (Model 270-30) using KBr pellet.
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RESULTS AND DISCUSSION

Intr oduction of Amino Groups to Silica by Grafting of NH-(POE)

The introduction of terminal amino groups to silica, i.e., preparation of
initiator sites for propaagion of dendritic polyamidoamineas achieed by the
grafting reaction of NH(POE) with epoxy groups prusly introduced onto
silica surhce (Scheme 1).

Figure 2 shws the IR spectra of untreated silica and,NIPOE) (Mn =
1000)-grafted silica. In the IR spectrum of NIPOE)-grafted silica, e
absorptions at 2990 chgmethylene group) and 1640 ¢hfamino group), which
are characteristic of POE \nag terminal amino groups, were obssilv This
result rereals that terminal amino groups were introduced to the silica by the
grafting of NH-(POE) onto the suate.

The amount of terminal amino groups introduced to silica, nartiedy
percentage of NH(POE) grafting alue could be controlled by a concentra
tion of GPMS and NKH(POE) in the treatment of the silica. In this study
of NH,-(POE) used for the grafting reactiorasvof 1000 and 3000As a
result, silicas containing 0.40 mmol/g and 0.90 mmol/g (Mn = 1000), and
0.012 mmol/g (Mn = 3000) of terminal amino groups as initiator sites were
prepared for the postgrafting reaction of polyamidoamine, and their percent
ages of NH(POE) grafting were 9.8%, 23.2%, and 3.6%, respelgtias
showvn in Table 1.

Z
|
7O-SH(CH)-O-CHyCH-CH,  +  HaN-(CHyCH0)pi-R-NH,
0 NH,-(POE)
(Mn = 1000 and 3000)

m-xylene Z

|
— 0—Si—(CH,)+0-CH;~CH-CH,—N— (CH,CH,0),-R-NH
reflux, 24 h A 11( 5 2? 7 (CH2CH0)p, 2
4

OH H
NH,-(POE)-grafted silica

Scheme 1.
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Figure 2. IR spectra of (A) untreated, (B) NMPOE)-grafted, and (C) polyami
doamine (of 8th generation)-postgrafted silica. ,MfPOE):Mn = 1000; grafting =
9.8%; terminal amino groups = 0.40 mmol/g. Polyamidoamine of 8th generation:
postgrafting = 9.4%;eerall grafting = 20.1%.

TABLE 1. The Amount of Terminal Amino Groups and the
Percentage of Grafting of NH,-(POE)

Mn of NH»-(POE) Terminal amino groups Grafting

(mmol/g) (%)
1000 0.40 9.8
1000 0.90 23.2
3000 0.012 3.6
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Postgrafting of Dendritic Polyamidoamine from Terminal Amino Groups
of POE Grafted onto Silica Surface

As mentioned abe, it was reported that polyamidoamine dendrimer
was synthesized by thevdigent method, by repeating the folimg two
processes [17]: (1) Michael addition of MA to amino groups of initiator sites
and (2) rgeneration of amino groups by amidation of resulting ester moieties
with an allylenediamine. Therefore, it is gpected that the postgrafting of den
dritic polyamidoamine is initiated from terminal amino groups of POE grafted
onto silica suidice as shen in Scheme 2The treatment of NH(POE)-grafted
silica with MA and an alenediamine \as repeated times to obtain dendritic
polyamidoamine (ofth generation)-postgrafted silica.

Table 2 shars the amino group content of silica after the postgrafting
reaction of polyamidoamine by use @frious silicas. In this system HMOas
an alklenediamine s used for amidation. Untreated and GPMS-treated sili
cas had no ability to propatg polyamidoamine from the sack because the
had no amino groupven after the 12th generation. On the coninahen NH-
(POE)-grafted silica hang 0.40 mmol/g of terminal amino groupsisvused as
initiator sites, the amount of amino groups of the silica increased with an
increase in the number of generationshese results suggest that dendritic

2 CH,=CH
R R'-NH, + 2 -
IRto RN -0
5 OCH;
Z CH,CH,C—OCH
in MeOH /L= 3
0°C ab R R'-N + 2 HpN(CHy),NH
s0°C.24n 4 0 \CH,CH,C—OCH; 2N(CH2),NH,
Z 1 (n =2 and 6)
L
1]
inMcOH _ 4 o o1 R CH2CHC-NH(CH),NH,
50°C 24 J ~~0— \CH2CH29—NH(CH2),]NH2 —

) oo S oo S o
R~ 0 )R N~ CH2),CN(CH,);N{CH3),CN(CH)N -+ {CH3),CN(CHy),NH,
. J N J . J

v
Initiator site  st-generation 2nd-generation nth-generation

Scheme 2.
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TABLE 2. The Amount of Amino Groups of Silica after
Postgrafting Reaction of Polyamidoamine by Using HMDA
as an Alkylenediamine

Silica Generation Amino groups (mmol/g)

Observed Theoretical P)

Untreated 12th 0 0
GPMS-treated 12th 0 0
NH,-(POE)-grafted 2) 4th 0.41 6.4
6th 0.45 25.6
8th 0.61 102.4
10th 1.53 409.6
12th 2.20 1638.4

a) NHp-(POE) : Mn = 1000; grafting = 9.8%; terminal amino groups as
initiator sites = 0.40 mmol/g.

b) Theoretical (mmol/g) = 0.40 x 2™ [n: number of generation].

polyamidoamine propages from the terminal amino groups of POE grafted
onto the silica sugice. The amount of amino groups ofezy generation, -
ever, was considerably smaller than that of each theoretadakv The theoreti

cal value of amino group contentaw calculated from the amount of initial
amino groups on the silica sace on the assumption that Michael addition and
amidation proceeded completely

Table 3 also shws the results of the amino group content of silica by
using NH-(POE)-grafted silica hdng 0.90 mmol/g of terminal amino groups
and HMDA as a reactant in amidationThe amount of amino groups of the
resulting silica also increased with an increase in the number of generations, b
it was much smaller than theoreticalue of each generation similar to the case
of the silica haing 0.40 mmol/g of terminal amino groups.

These results indicate that the progiggn of polyamidoamine den
drimer from the terminal amino groups of POE grafted onto the silicacgurf
does not progress perfectly and therefore, the resulting polyamidoamine is
hyperbranched dendritiaubnot precise dendrimekVe have only met with par
tial success in constructing coupled polymer of dendrimer with linear polymer
For this reason, we consider that both the reaction of Michael addition and ami
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TABLE 3. The Amount of Amino Groups of Poly-
amidoamine-Postgrafted Silica by Using HMDA as an
Alkylenediamine®

Generation Amino groups (mmol/g)
Observed Theoretical )
4th 1.15 14.4
6th 1.48 57.6
8th 2.00 2304
10th 2.95 921.6
12th 4.05 3686.4

a) NH-(POE) : Mn = 1000; grafting = 23.2%; terminal amino groups as
initiator sites = 0.90 mmol/g.

b) Theoretical (mmol/g) = 0.90 x 21 [n: number of generation].

dation do not proceed completely because of heterogeneous reaction system and
steric hindrance of the grafted polymer chains.

Table 4 shws the percentage of polyamidoamine grafting to silica sur
face when NK(POE)-grafted silicas ang 0.40 mmol/g and 0.90 mmol/g of
terminal amino groups were used as initiator sitéhe percentages of pest
grafting and werall grafting to silica suace increased with an increase in the
number of generations agpected from the results of the amino group content.
The IR spectra of the silica after the postgrafting reaction of 8th generation ini
tiated from 0.40 mmol/g of terminal amino groupaswalso shen in Figure 2.
Absorptions at 1570 chrand 1655 cm, which are characteristic of amide group
were n&vly obsened.

From the abee results, it is concluded thaygerbranched polyami
doamine vas postgrafted from terminal amino groups of POE grafted onto the
silica surfice by repeating treatment with MA and HMD

Effect of Alk ylenediamine br Amidation on the Postgrafting Reaction

Table 5 shws the percentage of polyamidoamine grafting to silica sur
face obtained by using NHPOE)-grafted silica hang 0.40 mmol/g of terri
nal amino groups and EDas an alklenediamine in amidation. In comparison
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TABLE 4. Percentage of Polyamidoamine Grafting to
Silica by Using HMDA as an Alkylenediamine

Terminal amino Generation Postgrafting Overall grafting
groups (mmol/g) (%) (%)
0.40 ) 4th 1.3 11.2
6th 3.8 14.0
8th 9.4 20.1
10th 27.3 39.8
12th 36.8 50.2
0.90 b) 4th 6.8 31.6
6th 19.7 47.5
8th 37.9 69.9
10th 61.9 99.5
12th 77.5 118.7

Grafting of NHy-(POE) (Mn = 1000) : a) = 9.8%; b) = 23.2%.

TABLE 5. Percentage of Polyamidoamine Grafting to
Silica by Using EDA as an Alkylenediamine

Generation Postgrafting Overall grafting
(%) (%)
4th 4.9 15.2
6th 11.7 22.7
8th 241 36.3
10th 43.0 57.7
12th 61.0 77.0

NH»>-(POE) : Mn = 1000; grafting = 9.8%; terminal amino groups as

initiator sites = 0.40 mmol/g.
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Figure 3. Effect of allylenediamine on the postgrafting of polyamidoamine tg-NH
(POE)-grafted silica.R (%) = (Postgrafting obseed/Theoretical postgrafting)
100. Theoretical postgrafting A x 10° x MW x 100 [A: terminal amino group
content as initiator sites (mmol/g). MWholecular weight of precise polyami
doamine dendrimer at each generation]. ,l{fMOE):Mn = 1000; grafting = 9.8%;
terminal amino groups as initiator sites = 0.40 mmol/g.

with the results of HMB shown in Table 4, the percentage of postgrafting in
EDA system vas higher than that in HMBsystem at the same generation.

Figure 3 shwss the efflect of alkylenediamine (EB and HMDA) on the
postgrafting of polyamidoamine. In this Figure, R is the proportion of grafting
value obtained from thexperiment to theoretical graftingalue. The theoreti
cal grafting alue at each generatioraw/calculated from the content of amino
groups used as initiator sites (0.40 mmol/g) and the molecular weight of grafted
polyamidoamine supposing that precise polyamidoamine dendriaesyn
thesized. R decreased with an increase in the number of generations in both
EDA and HMDA systems. Furthermore, R for BDvas higher than that for
HMDA.

These indicate that EDis more efective than HMDA for the propag-
tion of dendritic polyamidoamine. Because C-C chain length & Ehorter
than that of HMIA, EDA may be &vorable for contribtion to lavering of steric
hindrance in the propatjon of dendritic polyamidoamine initiated from termi
nal amino groups introduced by the grafting of NAIOE) (Mn = 1000).
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Effect of Terminal Amino Group Content as Initiator Sites on the
Postgrafting Reaction

The efect of terminal amino group content on the postgrafting of
polyamidoamine w&s examined. Figure 4 sins the results obtained by using
HMDA as an alklenediamine. R for NH,-(POE)-grafted silica hang 0.40
mmol/g of terminal amino groupsas higher than that timg 0.90 mmol/g of
terminal amino groups.This indicates that for the propatgon of dendritic
polyamidoamine from terminal amino groups introduced by the grafting ¢f NH
(POE), lav density of initial amino groups is mordegdtive than high density of
them because of steric hindrance in the prapag reaction of dendritic
polyamidoamine.A similar tendeng was obsered in the grafting reaction i
tiated from sumice amino groups attached by the treatment of the silica with
silane coupling agent, 3-aminopydipiethoxysilane [20].

The amino group content and the percentage of polyamidoamine graft
ing value by using NH(POE) (Mn = 3000)-grafted silica iag 0.012 mmol/g
of terminal amino groups were stio in Tables 6 and 7, respectly. Ewery
amount of amino groups of the resulting silicasvalso smaller than theoretical
value of each generationyttthe dgree of decrease aigst the theoreticalaue

10

0.40 mmol/g

R (%)®

0 2 4 6 8 10 12 14

Generation

Figure 4. Effect of terminal amino group content on the postgrafting of polyami
doamine to NB(POE)-grafted silica. HMB was used as an glenediamine.
NH,-(POE): Mn = 1000; grafting = 9.8% (0.40 mmol/g) and 23.2% (0.90 mmol/g).
a) Description oRis given in Figure 3.
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TABLE 6. The Amount of Amino Groups of Poly-
amidoamine-Postgrafted Silica”

Diamine Generation Amino groups (mmol/g)
Observed Theoretical )

EDA 4th 0.12 0.192
8th 0.58 3.072
12th 3.22 49.152
HMDA 4th 0.046 0.192
8th 0.452 3.072
12th 0.597 49.152

a) NHy-(POE) : Mn = 3000; grafting = 3.6%; terminal amino groups as
initiator sites = 0.012 mmol/g.
b) Theoretical (mmol/g) = 0.012 x 2™ [n: number of generation].

TABLE 7. Percentage of Polyamidoamine Grafting to
Silica Initiator Sites = 0.012 mmol/g

Diamine Generation Postgrafting Overall grafting

(%) (%)

EDA 4th 2.4 9.8
8th 11.9 20.0

12th 49.2 63.8

HMDA 4th 1.5 8.8
8th 13.5 21.7

12th 17.3 25.7

NH,-(POE) : Mn = 3000; grafting = 3.6%; terminal amino groups as

initiator sites = 0.012 mmol/g.
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was laver than that obseed in NH-(POE) (Mn = 1000)-grafted silicas\iag
0.40 mmol/g and 0.90 mmol/g of terminal amino groupkerefore, the highest
value of R (from the minimum of 2% to the maximum of 28%swbtained in
this reaction systenven if Mn of NH-(POE) did not agree with the results in
0.40 mmol/g and 0.90 mmol/g of terminal amino group system.

Furthermore, EB was found to be more fettive than HMDA as a
reactant suitable for propatipon of dendritic polyamidoamine as well as the
results in NH-(POE) (Mn = 1000)-grafted silica Yiag 0.40 mmol/g of termi
nal amino groups.

Effect of Space betweefierminal Amino Groups and Silica Surface
on the Grafting of Polyamidoamine

Figure 5 shws the eflect of space between terminal amino groups as ini
tiator sites and the silica sade on the grafting of dendritic polyamidoamine by
using silicas héng 0.40 mmol/g of amino groups in MA/BDsystem. The sit
ica haring short spacer as prepared by the treatment of the silica WRHES in

50

40

30

R (%)®

20

10

0 1 1 1 1
0 2 4 6 8 10 12 14

Generation

Figure 5 Effect of space between terminal amino groups as initiator sites and the
silica surfice on the grafting of polyamidoamine. AWas used as an alenedi
amine. @), APES-treated silica; siafe amino groups as initiator sites = 0.40
mmol/g; ©), NH,-(POE) Mn = 1000)-grafted silica; terminal amino groups as ini
tiator sites = 0.40 mmol/g. a) DescriptionRis given in Figure 3.
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a manner similar to the GPMS treatment, and-ffOE) (Mn = 1000)-grafted
silica was used as silica iag long spacer

In contrast to ourxgectation, R for the silica kiang short spacer as
larger than that hang long spacerThis implies that the postgrafting reaction
of dendritic polyamidoamine as interfered with POE chains grafted onto the
silica surice. We estimate that the propstgng reaction of dendritic polyami
doamine has a certain relationship between amino group content as initiator
sites and space from the silica swwé to the amino groupd.he diference of
solubility into the reaction system betweARES-treated and NHPOE)-
grafted silicas also may influence thelwe of R. The optimum amount of ter
minal amino groups as initiator sites and tHfecfof Mn of NH-(POE) for the
propagtion of dendritic polyamidoamine aremander detailed westication.

Particle Size Distribution of Dendritic Polyamidoamine-Rostgrafted
Silica

Particle size distribtion of dendritic polyamidoamine-postgrafted silica
by light scattering photometryas compared with that of untreated silica in
methanol. The particle size of untreated silicasvdistriuted from about 80
nm to 220 nm because of aggméon. On the other hand, dendritic polyami
doamine-postgrafted silica at 8th generation obtained by MA/ERstem
shifted its particle size distnihion to the range of about 160 nm to 660 nm.

Moreover, Figure 6 shes the relationship between the number of-gen
erations and\gerage particle size of dendritic polyamidoamine-postgrafted sil
ica. It became apparent that tiverage particle size increased with an increase
in the number of generations.

These results also indicate that dendritic polyamidoamiag pvopa
gated from terminal amino groups of POE grafted onto the silicacgurf

CONCLUSION

The postgrafting reaction ofyperbranched dendritic polyamidoamine
was achieed from the terminal amino groups of POE grafted onto the siliea sur
face by repeating twvprocesses: (1) Michael addition of MA to amino groups
on the surice and (2) generation of terminal amino groups by amidation of
resulting ester moieties of MA with EDor HMDA.

The percentage of postgrafting of polyamidoamine increased with an
increase in the number of generationswas much smaller than the theoretical
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350
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Average particle size (nm)
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Figure 6. Relationship between the number of generations aacthge particle
size of polyamidoamine-postgrafted silica in MeOH. AE&nd NH-(POE) Mn =
1000)-grafted silica hang 0.40 mmol/g of terminal amino groups were used as an
alkylenediamine and initiator sites, respeely.

value. This reveals that the resulting postgrafted polyamidoamineyeh
branched dendritic polymeubnot accurate dendrimefFhe reason for this may
be that both the reaction of Michael addition and amidation proceed -incom
pletely because of heterogeneous reaction system and steric hindrance of the
grafted polymer chains.

For the propaation of dendritic polyamidoamine from terminal amino
groups of NH-(POE)-grafted silica, @ density of initial amino groups as
more efective than high density of them. BDwas found to be more suitable
than HMDA as an alilenediamine in amidation.

The arerage particle size of dendritic polyamidoamine-postgrafted silica
measured by light scattering method increased with an increase in the number of
generations.
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