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Characterizations of Sugar Ball in Solution by SANS and NSE
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Overall static and dynamic characterizations of the dendrimer are expecled to be modified
through changing the internal and terminal chernical structurea of the dendrimer. In the present
study the &queous solutions of the fifth generation glycopeptidetype sugax ba.ll at 1 and 10 wt%
denfuimer concentrations, which show diferent small-angle n€utron scattering profiles, were
measured by neutron spin edro. Tte diffusion bebaviors were found to depend on dendrimer
concentration, as well as for the solutions of fifth generation poly(amido a,rrine) dendrimer with
hydroxyl ternrinals. A slow relaxation mode was obt&ined at Lrigh concentration but the fast
a,rrd sLow modes were at low concentration. It wss concluded that the slow mode is translational
diftrsion of dendrimer and the fast one due to s€gment motion in dendrin€r. Sincc the fast mode
wa"s found for both dendrimer solutioas. that will be specific dyna,rrics originated by amido-amine
unit in dendrimer. which is common in both dendrimers.
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$1. Introduction

Dendrimer, whic.h is one of three-dimensional highly-
branched polJrmers, has been given attention as a novel
class of nracronrolecules.l'2) In r@ent yeals, numerous
effort has been given for the developrnents on synthesis.
chaxacterization and theoretieal analysis for dendrimers.

Static structural inrrcstigations on dendrimer were
perforrrrcd by means of small-angle neutron scattering
(SAlfS). Bauer et aL3) discussed the size of poly(amido
amine) (PAMAL{) dendrimer by SA\S. SANS studies
of solutions with added acid were done for PAMAI{
dendrimer by Briber et al.4) and for poly(propylene
iminc) dendrimer by R"amzi et al.5) They discussed in-
ternrolecular interact,ions as a function of dendrinrer and
ion concentrations. SANS experimenrs by Scherrenberg
et al.6) were performed for poly(propylene imine) den-
drimer *ith two types of ternrinals and the dimcnsion
of the dendrimer was determined. The density profiles
of PAIIAI{ dendrimer by Imae and co*'orkersT'6) and
of layer-block dendrimer by Prilschke et al.e) were Lr-
\,-estigared by means of the external contrast variation
of SANS. Topp et a1.10) slmthesiz,ed partially deuterated
PAMAM dendrirner and discussed the spatial distribu-
tion of terminals of tbe dendrimer by SANS.

Only fe*' studies have been made on dynamic be-
havior of dendrimer. Dynamics by quasielasric neutron
scattering was studied by Stark et al.r1) for caxbosilane
dendrimer with perfluorohexyl terminals. Fhnayama et
al.12) discussed dependence of dynamics on concentration
of PAMAM dendrimer with hydroxyl terminals by neu-
tron spin echo {NSE). Overall cha,racterizations of den-
drimer a,re orpected to be modified through changing the
internal or terminal chemical structure of dendrimer.l3)

In this study, SA\S and NSE measuremeils $'ere per-
formed for the aqueous solutions of the fifth generation
PAMAI,f dendrimer with glycopeptide te.rminals. Ob-
tained resuhs were then compared with those of the fifth
generation PAMAM dendrimer with hydroxyl tcrminals,
which was discussed in the separate paper.12) The ter-
minab of both dendrimers are hydrophilic but have di-f-
ference as regarding spatial conformation of themselves.

$2. Experlmental Section

2.1 Materiols
The fifth generation sugar ball (galactose-having

glycopeptideq'pe PAMAM dendrimer), as showar in.
FrC. 1, uras synthesized according to the previous
method.14' 15) 1 and 10 *t% solutions of sugar ball were
prepared in 99.75 % deuterium oxide, which was pur-
chased from Wako Pure Chemical Industries, Ltd. Flom
dynamic light scattering (DLS) rnasurements for a 1
wt% solution of sugar ball, the translational diffusion
coemcient Do and the hydrodynamic radlus -86 were de-
cided to be 4.4 x 19-11 *2 s-l and 54 A- respectil-elv.

2.2 Meosurem,ents
The SANS experiments wrlre made using the SAI{S-L

diftactometer at JRR-3M (Tokai, Japan). The insuu-
ment was operated at room temperature (- 25 'C_). The
incident neutron beam wavelength was .tr - 7.0 I with
a wavelength resolution LA/^ : lO %. The sa^rnple
detector was placed in 1, 4 and 8 m. The solutions were
contain€d in the rectangula,r quartz cells. For aqueous
dendrirner solutionso the SANS intensity /(Q) ar a func-
tion ofscattering va:tor Q is expressed as16)

r@): /voP(Q)s(Q), (2.1)



327 KaBuya FUN-{YAMA et dl

l0

*J o.l
g

0.01

.  7wt%
o -LO w1%

0.o01

ti-.I.{ =

,La-W
Pig. l. Chemical structure of t he fi ft [ generation galactoee-having

glycopeptide-type sugr ball.

where .No is the number density of deudrimer, P(8) is
the form faetor and .9(Q) is the interdendrimer structure
factor.

The NSE measurements were performed at room tem-
perature (- 25'C) using NSE spectrometer at JRR-3M.
Neutrons s'ith n'avelene'th A : 7.1 A (L /^ : lS %)
*'ere used in the present measurenrcnts. The solutions
were filled in the rectangular quartz cells. The intermedi-
atc conelation functions I(Q,t) were normalized by elas-
tic scattering intensity I(Q,O) at eac.h Q, where t is time-
In simple s1'stem. q'here there is a relaxaiion tiure due to
the translationai ditrusion 0 of particle, I(Q,t)lI(Q,O)
is given by a single-exponential eguationl?) such as

I(Q,t)lI(Q,o) : exp(-/ '(Q)r), (2.2)

where f(Q) is a decay rate, which is expressed as

r@): DQI (2.3)

53. Results and Discussion

Observed SANS intensities /(Q) for I and 1O wt% so'
lutions of sugar ball are given in Fig. 2 as a function
of scattering vector Q. The SANS profiles depend on
dendrimer concentration. This dependence is due to in-
terdendrimer structure factor S(Q). The interdendrimer
interaction can be almost neglected for a dilute solution
as 1 wt7o.5,7'8) 1(8) for a 1 wt% solution can. conse-
quently. be approximated to ]\PP(Q) in Eq. (2.1). Then
NSE measurements were carried out for the Q range
(0.02 < I < 0.1) of interes't, where remarkable effect
ot S(Q) were exhibited. F\r,ller discussion of S(Q) will be
presented in the succeeding paper.

The normalized intermediate correlati<rn functions
I{Q,t)/f(Q,O) for sugar ball solutions were obtained at
Q : 0.02 to 0.1 A-1 and t : 0.15 to 15 ns. The results for
a 10 wt% solution can be obeyed to a single.exponential
equation in Eq. (2.2), a6 seen in Fig. 3 (a). Nevertheless,
I(Q,t)/I(Q,0) for a 1 wt% solution don't becorne unity
with extrapolation to t + 0 under Eq. (2.2), as shonn
in Fig. 3 (b). The contribution of the fast mode has
to be, therefore. considered using a double-exponential

and,
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Fig.2. Double logarithmic plots of SANS intensitis 1(Q) versus

scattering vector I for 1 and l0 wt% solutions of the fifth gen-
eration sugar ball.

equa,tion wrilten as

I (Q,t) / I (Q,o; : /s exp(- rs( Q) t)

1/p exp(-j-p(Q)t),

-fs *"fr: I

rs(a) : 
^Q2, 

rF(Q) : rhQ2,

(3, i )

(3.2)

where / is a fraction ofth€ contribution ofthe each de-
cay modc, and subscripts S aud F denote fast and slow
modes, respectively.lz' le' 20) The results for a 1 q't% solu-
tion could be fitted better with Eq. (3.1) than Eq. (2,2).
Figure 3 [b) shons the fit curr-es obtained frorn Eq. (3.1).
This indicates that dlnamic behavior for a dilute den-
drimer solution ha^s two modes with different lalues of
decay time and is different from that of a semidilute solu-
tion. Furthermore, the dependence of dytramics on del-
drimer concentration for suga.r ball solutions is similar to
that of PAMAI\{ dendrimer with hydroxyl terminals.12)

Now, oce compares the diffusion coeftcient D for a 10
u't% solution estimated from Eqs. (2.2) and (2.3) with
Ds for a 1 *t% solution from Eqs. (3.1) and (3.2). since
both diftrsion behaviors are of slow rela.>iaiion rnodes.
Figure 4 shon's diffusion coefficients of slot- modes for
10 and 1 wt% solutions as a function of Q. Around
h€h I region, the values of diftrsion coef&cients are aF
proximately constant for both dendrimer concentrations.
The averaged value are somewhere conesponding to the
translational difrision coefficient De determined from
DLS, as mentioned in Experimental section. For lo*'er Q
rang€s. however, the difusion coefficient increases with
decreasing Q. Ttat is more prominent for a lO u4%
solution. The averaged distance betweeu molecules. if
the dendrimers are assurned to disperse homogeneously
in the solution at 1O xt%, is evaluated about 120 A,
equivalent to Q x 0.05 A-1. Q-dependence of the dif-
fusion coefficient was found below Q - 0.05 for a 10
wt% solution. Therefore it was explained by the effect of
interdendrinrer interection. as well as that for PAI{AN{
dendrimer reporturg separately.12) The optinrum nalues
ofthe other paxameters except .|-s and Ds on Eqs. (3-1)
aud (3.2) considered fast and slow modes for a 1 wt%
solution are lis-ted in Table I. The contribution /p (0.23)
of the fast mode at hlCh € is large a^s compared with oue
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Fig.3. Nomalized intermediate conelation functions I(Q,t) /I(Q,O)
as a functior of time f for LO wtVa (a) aad I wt% (b) solutions
of rhe fifth genenrtion sugar ball: Solid lines ue Eqs. (2.2) (a)
and (3.1) (b), respmtively.

drimer interaction. The fast mode at a dilute solution
was also observed for PAMAM dendrimer with hydroxyl
terminals.l2) Since the fast n:ode wa.s actually found for
thesolutions of both dendrimers with different terminals.
it seems r€sonable to couclude that segment motion is
specific dlrramics originated by amido-amine unit in den-
drimer, which are included in both dendrimers.

$4. Conclusions

The dynamics were found to depend on concentration
of sugar ball in solutions, as well as that of PAMAM den-
drimer with hydroxy'l terminals.l2) Narnely, the effects of
terminals on dll.namic behavior was not obserrrcd by the
view of NSE experiments, although staric behavior by
SANS depends on nature of terminals.lE) The dynarnics
of dendrimers c.onsisting of amido-amine unit might be
caused by properties of internal chemical structure.
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table 1. Parameters obtained from the theoretical equations (Eqs.
(3.f) and (3.2)) for a I'ntfio eugar ball solution.

a
(A-1)

ls

^20
'd,

c 1<

9ro
,g

- -5

0

Jp r"F
(r"-1)

Dp
(10 1r x m2 *-1)

0.02
0.04
0.06
0.08

0.96
0.82
0.87
o.77

0.04
0.18
0. t3
o.23

n00
3100
3200

280000

0.43
4.9
t2

r8m

(0.04) at low Q, suggesting that the fast mode is owing
to the microscopic motion. In the present system. the
segment motion in sugar ball is taken as the microscopic
one. Moreover, the contributions /p of the fast mode are
much srnaller than fs of the slow mode. For a 10 rt%
solution. the fast mode can not be observed. because the
contributiotr of the fast mode is much lorver as compared
with that of slow mode including the effect of intcrden-

A : Q=o.02 A{

O : Q=o.OO A{

x :  Q=0.1 A' t

t (ns)

A : Q=0.02 .q'r

O : Q=o.oc Ar
x : Q=0.06 A''


