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ABSTRACT: The conformation of lineardendrimer hybrid diblock copolymers in solution has been studied
using both small-angle neutron scattering and dynamic light scattering. The diblock consisted of a fourth-generation
benzyl ether dendrimer with different molecular weight polystyrene bonded to the focal point of the dendrimer;
the total molecular weight ranged from 20 to 100 kDa. In agreement with previous studies, it was found that this
dendron, without a linear chain attached, alters its size upon solvent change. The addition of a polystyrene chain
to the focal point of a dendrimer was also found to have an effect on the dimensions and shape of the dendrimer
block. A low-molecular-weight polystyrene chain swelled the dendrimer without perturbing its native spherelike
conformation. However, at larger polystyrene molecular weights, the linear block manipulates a transition of the
dendrimers’ morphology form spherelike to an extended conformation. Control of this shape and size change has
potential for these unique macromolecular architectures to function as a novel molecular building block.

Introduction and solubility of the system as compared to linear PEO
Dendrimers or dendrons are a unique class of macromoleculesggiggmugipggCii%t'ogsbrzhi\r/t'g; g g:g?r?‘té?gnd'mgﬁ:g PPEBOE
that have a specific molecular weight, large number of terminal mol ' lar weight Ldv;vith PpEO molecul rl\JN ilht f 26 and
groups, and well-defined architecture consisting of branched olecular weight, and . olecuiar weights o a
units emanating from a focal poifit® These unique charac- 46 kDa the intrinsic viscosity values were lower than that of
teristics have triggered numerous studies to use dendrimers inPure PEO when in THF. This IS a marg'”‘?" s_olv_ent for PEQ
applications such as drug delivehylight harvesting and and a good so!vent for the dendrimer, thus |nd|cat|ng the entire
reaction catalysi8.It is clear that the dendrimer molecular molecule was in a collapsed state compared to the linear cham.
architecture dictates its physical properties and thus enables sucIWh.en .the system was placediln a methanol/water solution,
diverse applications to be explored. In addition, synthetic which is agoo_d solvent for the I|nea_r_block and a poor solvent
modification of dendrimers at both the focal pdiftand the for the dendrimer block, the S°.|Ub'|'ty of the d'bIOCk.S was
end group¥ 1! has proven successful in expanding their utility. dependent on the molecular weight of the linear chain being
Further, block copolymers consisting of a linear polymer large enough to allow unimolecular micelle formation. These
attachea to the focal poit2 have promising applications due results indicate that the hybrids’ conformations are a function
to their architectural asymmett§;15 of both the chain molecular weight and dendrimer generation.

To take full advantage of lineardendrimer diblock copoly- A hybrid system containing a PBE dendron block was studied
mers’ properties, the conformation in both solution and the bulk Via intrinsic viscosity by Jeong et &. Here, a G4-PBE
must be understood. In prior studies, the phase behavior of thesé¢l€ndrimer with a linear poly(styrene) (PS) chain attached to its
molecules in the bulk has been proven to be different from focal point was investigated and showed interesting behavior
traditional linearlinear diblock copolymers due to the archi- With anincrease of the PS chain molecular weight. In particular,
tectural differences between each blé&! It was found that when compared to the intrinsic viscosity of linear PS, the smaller
both the generation number and the molecular weight of the molecular 'We|ght hybrids had an |ntr!n5|c viscosity lower than
linear chain dictated which morphology the hybrid diblock @ PS chain of equal molecular weight. However, a sudden
copolymer adopted. intrinsic viscosity increase was observed for the hybrids between

The solution behavior of these diblocks has also been shown molecular weights of 60 and. 80 kDa and was equal to that .Of
to be unique and significantly affected by the molecular linear PS for molecular weights greater than 80 kDa. Th_|s
asymmetry between the two blocks. For example, Gistov and sEggests thtﬁ overallt rtno:ﬁculalr t(_:onforrr|1at|o|n of t'hit h);btrr:d
Frechet? have investigated the solution properties of poly(benzyl f anbgieskm respect to the relative molecular weight ot the
ether) (PBE)-poly(ethylene oxide) (PEO) diblocks which are WO _OC S: S _ _ ) _
dominated by this molecular asymmetry. Since the dendrimer ~ While the intrinsic viscosity studies hint there is a confor-
and linear blocks have different solubility parameters, they mational transformation capability of the PBES hybrids, it
examined how the solvent quality affected the intrinsic viscosity is difficult to infer whether one or both of the blocks change

conformation. All studies of lineardendrimer diblock copoly-
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Figure 1. Three potential conformational states of linedendrimer diblocks in solution: (&) knitted coil, (b) encapsulated dendrimer, and (c)

random coil.

Table 1. Sample Codes and Number-Average Molecular Mas$v) of Compounds Used in This Study

M-dendrimer (Da)/ M-dendrimer(Da)/
sample code M-polystyrene (kDaW (kDa) PDP sample code M-polystyrene (kDaM (kDa) PDP
G4 3288/0/3288 ~1 dPS-156K 0/156/156 1.19
G4-dPS-20K 3288/16.7/20 1.06 G4-PS-46K 3288/42.7/46 1.09
G4-dPS-45K 3288/41.7/45 1.08 G4-PS-70K 3288/66.7/46 111
G4-dPS-100K 3288/96.7/100 1.12 G4-PS-91K 3288/87.7/91 1.15
dPS-21K 0/21/21 1.04 PS-44K 0/44.1/44.1 1.07
dPS-63.5K 0/63.5/63.5 1.10 PS-75K 0/75.2/75.2 1.17
dPS-83K 0/83/83 1.16 PS-115 0/115.3/115.3 1.08

aM-dendrimer represents the mass of the dendritepplystyrene the mass of the polystyrene, &hdhe total mass? The polydispersity index, PDI,
is defined as the weight- to number-average molecular mass ratio.

of each block. Figure 1 illustrates three possible lirear were purchased from Aldrich Chemical Co. (St. Louis, MO) and
dendrimer diblock conformational states in solution for a system used as received.

where the linear and dendrimer blocks are compatible with each  SANS. Measurements were taken at the small-angle neutron
other. Each conformational state pertains to different relative diffractometer (SAND) at Argonne's Intense Pulsed Neutron
locations of the two block® The first state is a knitted coil,  Source. A sample-to-area detector distance of 2.0 m was used. The
where the linear chain weaves in and out of the dendrimer; thus, radiation had a wavelength range of14 A, making the total wave

the dendrimer shields or partially shields the linear polymer from Vector Q) range covered 0.0034.6 AL, whereQ = 4z sin(9/

the surrounding environment. For this to occur, the dendrimer 2)/4 With 6 and 1 defined as the scattering angle and radiation
must have enough free volume to accommodate the linear block Wavelength, respectively. Measurements were taken at room
A second hybrid conformation consists of the linear chain EMPerature. Low concentrations were used for each sample to
wrapping itself around the dendrimer, thus shielding the generate sufficient scattering in the allotted time while minimizing

dendri f th di df . imolecul intermolecular scattering effectsHence, consistent power laws
endrimer from the surroundings and forming a unimolecular \yere not observed for plots of radius vs molecular mass due to

micelle. This encapsulated dendrimer state would occur when concentration effects, particularly for the higher molecular weight
the linear block is compatible with the surrounding medium sagmples. Note the effect of concentration on the size of polymers
and the dendrimer less compatible, resulting in a estell has been extensively studied befdte?® here the radius of differing
morphology. A third potential molecular arrangement consists morphologies were compared at a particular (low) concentration.
of the linear chain completely expelled from the cavities within Samples were filtered through a Quin Whatman Anodisc 13 filter

the dendrimer. This could occur if there is not enough free and sonicated for 20 min and placed in a hermetically sealed quartz
volume within the dendrimer to contain the entire linear chain cell for the scattering experiments. A list of samples is given in
and each component has similar solubility in the sol¢ént. Table 1.

Distinguishing between these three states requires knowledge When the scattering length density (SLD) of the solvent matches
of the relative block locations, which will be performed for the that of the scatterer, there is a contrast match, and no coherent
G4-PBE-PS hybrid in the present work. We studied three scatterin_g occurs. Deut!erating the Iin_ear chain makes the two blocks’
different molecular weight hybrids: 20, 45, and 100 kDa, which SLD quite Gdlfffzzrent, with the dendrimer block h%V'n_% a SLD of
is the sum of the G4-PBE dendrimel (= 3288 g/mol) and ~ 2-03x 10 A"?and the dPS a SLD of 6.42 10 ¢ A .6WIj2en
linear chain molecular weights, and thus the only difference the GA-dPS hybrid is placed d-THF (SLD = 6.35x 10 A2,
between the three hybrids is the molecular weight of the linear the dPS chain is essentially contrast matched with the solvent and

. scattering only occurs from the dendrimer block. The linear block
block. The PS chain was also deuterated (dPS) to allow small-\» jnyestigated using a solvent combination of 79i@benzene:

angle neutron scattering (SANS) to individually visualize each y_penzene (SLD of 2.0% 106 A-2) which provides a contrast

block though a series of contrast matching experimérithis match to the G4-PBE dendrimer, and thus scattering only occurs
information can be used to ascertain the architectural structurefrom the linear block. Performing both of these contrast match
of the two blocks. experiments on the three molecular weight hybrids and comparing
the behavior of each block to that of a native PBE dendrimer or
Experimental Section dPS chain in the same solvent allowed the conformation of each
block to be determined as well as the overall conformation of the

Materials. Poly(benzyl ether) dendrimers were prepared accord- .
ing to a previous procedufeThe third generation (G3) bromides diblock.
were coupled with a 3,5-dihydroxylbenzyl-functionalized alkoxyamine ~ Neutron scattering data for hybrids were analyzed in the Guinier
initiator.26 The purified fourth-generation (G4) dendritic initiators ~ regime3° This analysis allowed for quick determination of the shape
were then used to prepare the hybrid dendrimigrear diblock and size of the dendrimer as models for compact objects, rods, and
copolymers by standard living free radical conditions. The linear sheets were applied to all samples. The scattering inter§Qy,
polystyrene block degree of polymerization is controlled by the inthe low-Q regime was evaluated using the expression for compact
molar ratio of dendritic initiator to monomer. Deuterated solvents (“spherelike”) objects with a given radius of gyratioRg(>! CDV
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sz Q22 .0 e
1(Q) ~ ¢pV(Ap)? exp(— Ry = (0) ex ——Rg (1) @ debenzene :
3 3 A2[t %THF b
= : Rg=1.04 £0.03nm ]
where¢ is volume fraction of scattering centeiéthe volume of e 44 R
each scattering centerAf)? the square of the difference of the s .
solvent and the scatterer SLD, al{@) the intensity at zero wave <) 16 h
vector. The slope resulting from a plot of I(Q)) vs Q? in the = ]
region whereQR; = 1 allows R, to be obtained. The radius of a T4 8 ES
homogeneous, constant-density sphere is determined frofRythe o [ [Rg=133£002nm ]
by Ry = 0.77R. yofipssomm| % u
A modifi_ed Quinigr a.nalysis for rodlike objects approximates T 4 6 8 10x10°
the scattering intensity in the lo®@-regime byt Q* (A%
Fi 2. Guini lysis for G4-PBE dend iig-b d
ol() ~ VAR exp(—QZRf) _00) exr(_ ZRf) () GoTHF at a Concentaion of 50 mgimt; data fi for a compact
L 2 2 (spherelike) object.

Here, L is the rod length an®; is the root-mean-square of the  the Guinier plots for compact objects (Figure 2). It is evident

giesr:?rr(])(i:gso fotfhic"l Corfoézesgtcc:irgﬁ (ijnet%r(r:;ci):g dsf?gtrir?rt]hgfstg%éc}g 210;:2)? from the Guinier fits in Figure 2 that the dendrimer is larger in
; . . ds-benzene than ids-THF, with radii values of 1.73t 0.03
of In(Q(I(Q)) vs @?, in the region ofQ whereQR. = 1. The radius e .
of the rod R,) is obtained byR.v/2. A sheetlike particle, which is and 1.35+ 0.04 nm, respectively. These sizes agree reasonably

much smaller in one dimension than the other two3has well with radii values reported by Tande et'&lof 1.93+ 0.1
and 1.50+ 0.1 nm inds-benzene andls-THF, respectively.
27V(Ap)? 02 — 0?72 Using the exper_|m_ental value t_iD) (Table 2), the mass fraction
QAIQ~ A ?2 = Q°I(0) ex (1?2 3) of solvent @) within the dendrimer was calculated by eq 4 as
described above and found to be 0.45 and 0.5H4arHF and
whereA is the area of the particle arftthe sheet thickness and is  de-benzene, respectively.
valid whenQT < v/12. The G4-PBE dendrimer is larger than the minimum radius it
To determine the goodness of each Guinier fit, the experimental can have in solution which is 1.09 nm when in chloroform,
value ofl(0) or QI(0) was used to determine the amount of solvent cjose to the value expected if the dendrimer collapses to its
Wlthln_each sample and check that thg mass density of the swolleny | density?3 indicating the dendrimer is in an expanded state
dendrimer is reasonable. The numerlcal prefactors of eqs 1 and 2in bothds-benzene andg-THF. A solvent dependence on size
were set equal to the experimental value I¢®) and QI(0), . .
is a well-known property of linear polymers and has been

respectively, and then solved fokg)2. Using this value of £p)? . ! . . . .
and the scattering length density of the solveasy), we calculated previously observed in dendrimef&While the dendrimer size

the scattering length density of the scatterpesf, which includes ~ has changed with solvent type, the shape has remained “sphere-
solvent and dendrimer. We calculated the amount of solvent within like”. Further contrast variation studies of the dendrons need

the dendrimer by be conducted to determine the overall segment distribution and
whether this distribution changes with solvéfit3>
Pscat= [Psond € + [1 = Ol psampe (4) These structural changes may be delineated in part by

) ) o measuring the hydrodynamic radiug,, of the G4-PBE den-
where 6 is the mass fraction of solvent within the scatterer and grimers in bothds-benzene andg-THF. An R, of 1.70+ 0.02
psampleiS the scattering length density of the dendrimer. nm was obtained in both solvents, making the ratiRgR, =

Neutron scattering data were also analyzed by fitling Q to 0.79+ 0.03 fordg-THF solvent and 1.0z 0.03 fords-benzene.

the form factor of a solid sphere or Gaussian coil when appropriate.Th. o | titative indicator of molecul f &
We also used Holtzer plctsto reveal coillike and rodlike behavior. IS raflo 1S a quantitative indicator or molecufar conformation,
where anRyR, ratio of /(3/5) ~ 0.775 is indicative of a

These graphs are included in the Supporting Information. ] .
Dynamic Light Scattering (DLS). Measurements were per- constant density, homogeneous sphere. A value of 1.50 is
formed with a Protein Solutions Dyna Pro-MS/X system with descriptive of a monodisperse Gaussian coil i@ asolvent,
temperature control. All samples were filtered as described aboveand a value of 1.78 represents linear polymers in a good
and allowed to equilibrate in the instrument for 25 min at°25 solven#8-37although experiments show values of 1.16 and 1.27
before measurements were taken, resulting in calculation of thefor linear polymers in® solvents383° The Ry/R ratios for the
hydrodynamic radiusR,). The sample is illuminated by a semi- - gendrimer illustrate a more spherelike nature in baTHF
conducltor Ifa;gr_ W|th|v|830 d“m ‘é"a"e_lde” dgth' Thfe.bhght S?atteLeld al  andds-benzene, indicating a significantly different structure in
an angie o Is collected and guided via a fiber-optic cable to oo yinn aq compared to random-coil linear polymers under

an actively quenched, solid-state single photon counting module | diti Th i | ts the dend
(SPCM), where the photons are converted to electrical pulses anddN&0gous conaitions. € ratio also suggests the dendron

correlated. Autocorrelation is used to analyze the time scale of the P€haves as a constant density (e)iﬁ’a”ded) sphedg-TitiF,
scattered light intensity fluctuations. The uniformity of the sample iImplying backfolding of end group¥:#!it should be noted that
sizes is determined by a monomodal curve fit, cumulants, which this effect is not due to poor dendrimesolvent interactions as

assumes a single particle size with a Gaussian distribution. the solubility parameter of the dendrimer has been found to be
) ) similar to that of benzene and THF while the radius of the
Results and Discussion dendrimer is larger in both solvents than the minimum possible
The molecular morphology of the G4-PBE dendron samples value of 1.09 nn#3
was investigated in botti-benzene ands-THF using the three The dendrimer block conformation within the hybrid block

Guinier analyses mentioned above to determine the influencecopolymers was determined by dissolving the G4-PBBS

of solvent on the size and shape of the dendrimer block. The diblocks indg-THF, which is a contrast match for the dPS block.
dendrimers behave as spherelike objects in Hethenzene and ~ Two different concentrations were analyzed, 4 and 50 mg/mL,
ds-THF due to the observed negatively sloped straight line in for the hybrids with molecular weights of 20, 45, and 100 k%?)v
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Table 2. Values forRy and R; Determined from Guinier Analyses Described in the Text at a Concentration of 50 mg/mt.

sample code G4 G4 G4-dPS-20K G4-dPS-45K G4-dPS-100K
solvent ds-THF ds-benzene ds-THF ds-THF ds-THF
scattering from dendrimer dendrimer dendrimer dendrimer dendrimer
Ry (nmy 1.04+ 0.03 1.33£ 0.02 1.40+ 0.01 n& na
1(0)ex® (cm™Y) 0.241+ 0.002 0.245+ 0.002 0.062+ 0.003 na na
Qma®y 0.919 1.13 1.35 na na
R (nmy? net na na 2.7Q 0.28 2.62+0.29
QI(0)exg (A~1cmh) na na na (2.56-0.4)x 1073 (3.7£2.0)x 1073
Qmaic na na na 1.006 0.976
69 0.45 0.51 0.56 0.82 0.78

aSymbols are explained in the text whi@nax is the maximunQ value used in the regressicghRadius of gyration for a spherelike objetttempts
to fit data to a spherelike object failed for these samgl&xperimental value of(0) from a spherelike object Gunier plot (eq )Cross-sectional radius
for a rod.® Attempts to fit data to a rodlike object failed for these sampl&kperimental value oQI(0) from a rodlike object Gunier fit (eq 23.0 is the
mass fraction of solvent within the scatterers.

1_-||-l UL NUNUBLEN L '2llllll||||||||||||||||||||||||_ -2 1
E =+ PBé-dPS2kaa aj I+ G4 PBE dPS45kDa |y 1 + G4 PBEJPS 100kDa @
U = [ —_ SE = = =3 = _:
= s i < [ g 4 1 < 5 E
e s 1 §4f 5 = 3 54 s ;
S ¢ ERVE 1 1% = ]
g 3> Q’ (A7) i @ : ] g N _
£ = =] % —3 gﬂ« e EF =T z3
45 Rg=140 £0.01 nm - - i R=2.62 +0.29 nm E
r |R=182+001nm ] = -7 R=3.40+ 0.38 nm -1
.3 S I B N B } Nywy FTYEIT TETTT R FRATRATE I ST TR .......I.._.—
2 4 6 8 10x10° 04 08 1.2 1.6x10° 04 08 1.2x10°

o (A% Q*(A? Q*(A?

Figure 3. (a) Guinier analysis for PBEdPS 20 kDa system ids-THF at a concentration of 50 mg/mL; dendrimer block is scattering as a
spherelike object. Inset is a modified Guinier analysis for a rodlike object, which does not represent the data. (b) Rodlike Guinier analysis for
PBE-dPS 45 kDa hybrid irds-THF at a concentration of 50 mg/mL. Inset shows the attempted representation of data to Guinier fit for compact
object. (c) Rodlike Guinier analysis for PBEIPS 100 kDa hybrid ims-THF at 50 mg/mL. Inset is the Guinier analysis for compact object, which

is a poor fit due to curvature

noting there are insignificant differences observed for the  We performed a Guinier analysis for the G4-PB&#EPS 100
dendrimer block size at these two concentrations. kDa hybrid indg-THF at a concentration of 50 mg/mL and found
By fitting the scattering data of the G4-PBEPS 20 kDa  that the dendrimer block behaves analogously to that of the 45
hybrid in dg-THF at a concentration of 50 mg/mL with a Guinier ~kDa system, scattering as a rodlike object as opposed to a sphere
analysis for compact objects (eq 1), Figure 3a, a radius for the (Figure 3c). The model fit results in a dendrimer radius of 3.40
dendrimer block of 1.82+ 0.01 nm was found, which is = 0.38 nm, which matches the size of the 45 kDa dendrimer
appreciably larger that the radius of the “free” dendrimer in the Plock considering experimental error. As for the 45 kDa system,
same solvent, 1.3% 0.04 nm. The mass fraction of solvent —attempts to fit the 100 kDa hybrid's data to a Guinier analysis
and dPS within the dendrimer is 0.56 (Table 2), which is higher for a sphere failed due to nonlinear behavior at small values of
than the value for the corresponding free dendrimelgiiHF, Q (inset of Figure 3c).
0.45. Since the hybrids’ dendrimer block is more swollen than ~ These contrast match experiments have revealed that the
the corresponding free dendrimer, this means there is more massgendrimer block’s size and shape is dependent upon the linear
i.e., linear dPS block and solvent, occupying the free volume block molecular weight. The G4-PBEIPS 20 kDa hybrid has
within the dendrimer. Attempts made to fit scattering data for a dendrimer block where the branches adopt a “spherelike”
the dendron as a rodlike object (eq 2) failed as shown in the shape (Figure 3a), just as the free dendrimer in solution (Figure
inset of Figure 3a. The sheetlike architecture (eq 3) was similarly 2), yet the size of this sphere is35% larger in the hybrid
found to not represent the scattering data for any of the samplessystem ¢2x change in volume). The difference in size between
and will not be mentioned further. the hybrid’s dendrimer block and the free dendrimer in solution

The dendrimer block of the next higher molecular weight IS Probably due to the linear chain occupying space within the
G4-PBE-dPS hybrid (45 kDa) was subsequently studiedgin dendrl_mer, re_sultlng in swelling anql po_ssmle development of
THF at a concentration of 50 mg/mL using a Guinier analysis e knitted coil morphology shown in Figure 1.
for compact objects (see Figure 3b). Attempts to make a linear  The two higher molecular weight systems, G4-PRIPS 45
fit with the “spherelike” morphology failed, as displayed in the kDa (Figure 3b) and G4-PBEIPS 100 kDa (Figure 3c) did
inset of Figure 3b evidenced by nonlinear behavior at s@all ~ not show the expanded spherelike morphology, and instead these
The Guinier analysis for rodlike objects (eq 2) proved successful two systems have dendrimer blocks that are “rodlike” in shape
(Figure 3b) with a substantial increase in the dendron size with (€9 2). According to the model, the cylinder radius for the 45
an R; value of 3.81+ 0.39 nm, which is comparable to the and 100 kDa systems has values of 3:81.39 and 3.40t
maximum possible radius 0£3.6 nm the dendrons’ bonds can ~ 0.38 nm, respectively, making the cylinder length of order 0.1
adopt in an a fully extended state. This is a much larger NM, suggesting a disklike morphology. Fitting thes Q data
dendrimer radius as compared to both the “free” dendrimer With the disk form factor, similar in form to eq 3, was
radius, 1.35+ 0.04 nm, and the dendrimer block of the 20 kDa unsuccessful.
hybrid, 1.82+ 0.01 nm, and will be discussed in greater detail Further, because of the large solvent mass fractions of 0.82
below. and 0.78 calculated from the rodlike Guinier fit of the dendE?BV
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Figure 4. (a) A plot of radius of gyration vs molecular weight for both the dPS block of the hybrids and dPS infg@i2henzene at 4 mg/mL.

The two lower molecular weight hybrids fall below the size of the corresponding dPS linear chains, indicating a collapsed state for these two
hybrids’ linear block. (b) A plot of radius of gyration vs molecular weight for G4-PBE hybrids and PS ids-THF at a concentration of 4

mg/mL. The 46 kDa G4-PBEPS hybrid’s size is below that of the corresponding PS linear chain, indicating a collapsed state. The 70 and 91 kDa
G4-PBE-PS hybrids'Ry's are approximately equal to the corresponding linear PS chain’s, indicating a noncollapsed state of these systems. (c) A
plot of hydrodynamic radius vs molecular weight for G4-PBES hybrids and PS in THF at a concentration of 4 mg/mL. The 46 kDa G4-PBE

hybrid’s size is below that of the corresponding PS linear chain, indicating a collapsed state. The 70 and 91 kDa-B& Riaitids'R, is larger

than the corresponding linear PS chain.

Table 3. Experimental QI(0) Values Were Set Equal to the It is apparent that the relative molecular weight of the linear
Numerical Prefactor of the Guinier Expression for a Finite Sized and dendrimer blocks plays a key role in the subsequent
Cone, Eq 5, with Various R Values Representing the Radius of the . . . .
morphology of the dendrimer block; yet, complete information

Cone's Base Py—— . on the location of the two blocks in solution cannot be made
sample code R(nmy (Ap)* (cm™) 0 without characterizing the linear block of the hybrids. This was
G4-dPS-45R 2 8.68x 1% 0.32 done by placing the G4-PBEIPS hybrids in a solution of 79:
5'5 g_'ggi 1013 8:22 21 hg-benzenals-benzene, which is a contrast match for the
G4-dPS—100Kd 2 1.28x 1013 017 dendrimer. The concentration used for these experiments was
2.5 8.22x 1013 0.34 4 mg/mL, and the radius of gyration of the linear block was
3 5.71x 10 0.45 obtained by plotting(Q) vs Q and fitting the profile to the form

aRadius of cone’s base, various values trieBxperimental value of factor of a Gaussian coif To compare the behavior of the linear
the difference in scattering length density between the scatterer and theplock to that of “free” dPS in the same solvent, we did scattering
solvent found by equating experimen@(0) values to numerical prefactor gy hariments on dPS with molecular weights of 18, 63, 83, and
in eq 5.¢ Mass fraction of solvent and possibly linear dPS within dendrimer, - . L oo
eq 4. 155 kDa under the same conditions with similar data interpreta-
tion. A plot of the radius of gyration vs molecular weight was
blocks of the 45 and 100 kDa systems, respectively (see Tableysed to compare the size difference between the linear block of
2), it is not expected that the dendrimer molecule adopts a the hybrids to that of a free dPS chain of comparable molecular
rodlike conformation. Rather, it is believed that the actual We|ght Figure 4a shows that the two lower molecular We|ght
conformation of the dendrimer block for the 45 and 100 kDa hybrids, 20 and 45 kDa, have a linear block that falls below
hybrids is that of a distorted wedge or “ice-cream cone”. This the size of the analogous “free” dPS chain, indicating the dPS
molecular arrangement explains why a Guinier analysis for piock of the hybrid is in a more compact state for these two
sheetlike objects did not Work, and morphological equivalence systems. The 100 kDa hybrid’s linear block is approximately
between the cone and rod is expected to follow eq 2. In fact, ihe same size as the “free” linear chain, suggesting that it
the results given by Hjelfd show the Guinier expression for a  gypands in solution to the size of the corresponding dPS chain.
finite size cone should follow (see Hjelm's eq 19) These results match the intrinsic viscosity data of Jeong &t al.,
QZ[RCZ] who studied the analogous nondeuterated forms of the hybrids
QI(Q) ~ 0.2pR(Ap)* exp(T) (5)  Inbenzene.

To verify that the observations for the contrast match
for Q < 1/L and whereR is the radius of the cone’s base and €Xperiments are independent of solvent type and deuteration
[R represents a “weight” average radius. The numerical effects, we performed two additional series of experiments. First,
prefactor in eq 5 reduces the valueQ@i{0) to numbers of order  the size of G4-PBEPS hybrids with molecular weights of 46,
103 A-1cmrL, in agreement with the experimental values given 70, and 91 kDa irdg-THF was compared to PS wiy-THF; all
in Table 2 for a true rod. To justify the cone-shaped dendrimer solutions were at a concentration of 4 mg/mL (see Figure 4b).
block, we set the experimental values @f(0) equal to the  The radius of gyration for the G4-PBEPS hybrid and the “free”
numerical prefactor of eq 5 by using known valuesgoénd linear PS by was again found by fitting th@)—Q data to the
estimated value dRto find (Ap)? and, listed in Table 3. The  form factor for a Gaussian céflwhere this value is similar to
resulting @ values are more reasonable than those from the that found by using a compact sphere Gunier analysis. As seen
rodlike fit (Table 2), indicating the dendrimer block is more in the figure, the 46 kDa hybrid has a smally than a PS
conelike. While the exact dendron shape is difficult to fully chain of an equal molecular weight, indicating that the hybrid
ascertain, the data support that the free dendrimer and 20 kDais in a collapsed state. The 70 and 91 kDa hybrids haikg a
hybrid’s dendron block shape is quite different from that of the that is equal to or greater than its corresponding “free” PS chain.
45 and 100 kDa hybrid’s dendrimer block. These results agree with those in Figure 4a; both indicateéB’i}
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hybrids below a molecular weight of45 kDa are more if triggered through external stimuli, can be exploited in the
collapsed than those abower0 kDa, and this collapsed state design of a range of advanced materials ranging from sensors
transition is correlated with the dendron block transition in to molecular machines. Future research will examine these issues
conformation. Further, the two solvents do not affect the and the development of a viable system.

transition for these systems.
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. . . . upporting Information Available: Plots ofl vs Q andQI vs
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