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ABSTRACT: Cyclic voltammetry was employed to investigate the extent of electrostatic binding for metal
complexes such as ferrocyanide, [Fe(gN), to full generations of polyamidoamine (PAMAM) dendrimers
(G1.0-G5.0) as a function of size and pH. Addition of dendrimer solutions to metal complexes caused a large
net positive shift inE;;, and reduced peak currents that varied with the size of the dendrimer. Binding ratios,
K4-/K3-, calculated from the potential shifts changed from a ratio of five with small dendrimers{GB.0) to

10 for G4.0 and G5.0, consistent with known structural changes in PAMAM dendrimers. Conditional binding
constants for [Fe(CN)*, calculated from the diffusion-limited oxidation currents, also increased from G3.0

(8.8 x 100 M71) to G4.0 (31x 10* M~1). At pH 5, the binding ratios increased dramatically at all generations,
suggesting that the interior amine sites in the dendrimer are easily accessible to metal complexes and that dendrimers
show some charge selectivity.

Introduction The goal of this study is to develop an easy technique for
detecting differences in small molecule binding to dendrimers
in buffered solutions that may assist researchers in the design
of new applications for these unique nanomaterials. The results
here draw upon established methods that use voltammetry to
measure electrostatic and hydrophobic binding between poly-

Dendrimers are a novel class of hyperbranched macromol-
ecules that consist of a polyfunctional core with shells of
monomer units extending off of branching poihtEhe resulting
macromolecules have well-defined molecular weights and end-

group functionality leading to unique a.ppliceations in such areas electroytes, such as DNA and poly(styrenesulfonate), with
as macromolecular catalys%s.jrug delivery?* MRI contrast charged metal complex prob&s34 The concentrations of free
agents;®and metal ion extractiofr.® The appeal of dendrimeric 5,4 hound probe are calculated from the decreases in mass
macromolecu_les is the ability to tailor t_he structure, shape, and (ransfer limited currents as the probe binds to the slower
surface functional groups for the application desired. diffusing polyelectrolyte during a titration. As opposed to the
Perhaps the best-known and studied water-soluble dendrimersixed anionic charge from the sugaphosphate backbone of
are the poly(amidoamine) or PAMAM series of Starburst DNA, the amine-terminated, full generation PAMAM dendrim-
dendrimers, which are composed of amidoamine monomer unitsers (GX.0) accumulate positive charge as a function of decreas-
branching out from an ethylenediamine core. Dendrimers are ing pH. Their surface charge density also changes as a function
referred to by their generation number, wher¥.Gis a full of generation due to the structural change past &3&0ur
generation terminating in primary amines€ 0, 1, 2, ...) and hypothesis is that these characteristics should manifest them-
GX.5 is a half-generation in which the step-by-step synthesis is selves in the binding interactions between PAMAM dendrimers
terminated in carboxylic acid$:!! Potentiometric titrations on ~ and electrochemically active probes. We present our initial
the smallest PAMAM, GO0.0, gave four closely spacd¢,p success using cyclic voltammetry to rapidly establish the extent
between 9.6 and 8.2 corresponding to the four primary aminesof electrostatic binding of probes, such as ferrocyanide to
and two [Ky's at 6.9 and 3.3 for the core tertiary amiré©ther PAMAM ethylenediamine (ED) core dendrimers as a function
studies using potentiometric titrations and computer simulations of pH and generation.
on full generations such as G4.0 showed that the terminal )
primary amines are all protonated by pH 7, while very few of Experimental Methods
the interior tertiary amines were protonated at this pH. Impor-  Materials. Methanolic solutions of Starburst polyamidoamine
tantly, negatively charged counterions easily penetrate thedendrimers with an ED core were purchased from Dendritech Inc.
PAMAM dendrimerst314Photochemical and optical absorption ~and Aldrich. Dendrimer concentrations are expressed on a molecular
differences using charged small molecule probes support abasis, by using the solution wt % _and density from the manuf_ac-
structural change in which the open fluxional lower generations [Urér's ot number and the published molar mass. Crystalline
of G2.5 or less transforms to a more rigid spherical structure potassium ferrocyanide ,fEe(CN)]-3H,0, was obtained from EM

. . Science (Cherry Hill, NJ) and used without further purification.
by G3.5 and beyont?™'? Conversely, there is some disagree- 1,2-Ferrocenedicarboxylic acid, [Ru(N}]Cls, tris(hydroxym-

ment as to the effect of solvent and pH on the size and location gthyl)aminomethane (Tris), and NaCl (99.5%) were purchased and

of terminal groups for the PAMAM seri¢8.2* These are  used as received from Sigma-Aldrich.

important points to resolve as a number of potential applications  Procedures.Cyclic voltammetry (CV) was performed inside a

for dendrimers, including drug delivery and metal ion extraction, Faraday cage with single compartment cells and a model 283

require an understanding of small molecule binding as a function potentiostat controlled by PowerSUITE from Princeton Applied
BAS) were employed as working electrodes. The GC electrode was
polished for each set of experiments with alumina paste (BAS) on

* Corresponding author. E-mail: margeruml@usfca.edu. a velvet pad followed by ultrasonic cleaning in distilled water and
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1.0 Scheme 1. Redox Probe Binding to Dendrimers
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However, theAE, values and thé,i, ratios are unchanged
from curve A. In addition, plots of peak current v&2 at any
given G2.0 concentration remain linear up to 200 mV/s with

E, V vs Ag/AgCI

Figure 1. Cyclic voltammograms at a GC electrode for 0.1 mM
[Fe(CN)]*~ in the absence (A) and presence of G2.0 PAMAM=B

0.011, C= 0.025, D= 0.038, E= 0.052, F= 0.065, G= 0.092 [mM]). intercepts of zero (data not shown). These last points establish
Supporting electrolyte is 50 mM NaCl/5 mM Tris, pH 7. Potential scan the measurement as an electrochemically reversible, mass-
rate,v = 50 mV/s. transfer limited reaction with no electrode absorption effects.

Shifts in Formal Potential with Dendrimer Size. The
then rinsing with ethanol. The reference electrode was an Ag/AgCI hehavior of [Fe(CNJJ4/3~ in the presence of G2.0 is reminis-
electrode (BAS) with a Pt wire as the counter electrode. Reported cent of the changes in voltammetry seen upon addition of
potentials were corrected to either the NHE (normal hydrogen polyelectrolytes to electrophilic redox probes like [Co(biy)2+

electrode) reference or the Ag/AgCl reference (0.194 V vs NHE). - 6.27,31,32 : :
Supporting electrolytes were 50 mM NaCl in 5 mM Tris adjusted at low ionic strengtr: By analogy, adding dendrimer

to pH 7.0 with HCl or 50 mM NaCl in 5 mM CKCOONa adjusted causes CcVv pea!< potentials to shift because of preferential
to pH 5.0. Solutions of the redox probes were prepared using Pinding of the higher charged form of the probe, while the
suitable buffer adjusted to the desired pH. Dendrimer stock solutions decrease in peak currents are due to the reduced diffusion
were obtained by mixing the commercially available methanolic coefficient of the probe as it binds to the slower diffusing
solutions with purified water in a ratio of 1:9. Concentrated HClI dendrimer. One may adapt the reaction scheme for prBibéA
was used to match the probe solution pH. work to probe-dendrimer binding in which the difference in

In a typical titration, 6.0 mL of the redox probe solution was formal potential of the fully bound probeEg™") and the free
transferred to the cell followed by degassing with buffer saturated probe E°) is related to the ratio of binding constanks,  for

argon gas for-5 min. Argon was directed over the solution to ferricyanide andK,- for ferrocyanide, through the Nernst
prevent oxygen from reentering the cell during the experiment. The equation (Scheme 1)

initial current was allowed to attain a constant value (about 10 s) qu L o .
before scanning the potential. For CV, the electrode potential was F'Qure 2 shows the _Sh'ft iy (~E) of th_e _p_robe durlr_lg
cycled in an unstirred solution, and the resultirgE curve was titrations of each dendrimer (G2:@5.0). The limiting potential

recorded. The curve is described by the RandBsvcik equa- shifts are all positive, confirming that the-4ion binds more
tion: ipeak= BCDY2/12 wherev is the scan rate [V/sB = Fn3?A strongly than the 3 ion in accord with polyelectrolyte theory.
(A is electrode area) is the diffusion coefficient, an€ is the The averagé; ; values at the plateau regioBy') lead to the
concentration of the redox proBéThe formal reduction potential  [imiting potential shifts and calculated binding ratid(/Ks-)

(E*) is taken as the average of the anodic and cathodic peakshown in Table 1. An interesting trend is apparent in the data.
potentials 12 = (Epa+ Epo)/2, for an electrochemically reversible  Fqor 1.0 through G3.0, the—4 ion binds 5-6 times more
system. Small aliquots of dendrimer stock solution were added {0 gyqng1y than the 3 ion, but for G4.0 and G5.0 the ratio
the cell using calibrated digital micropipets, followed by degassing favoring the 4- ion jumps to 10. This is in direct contrast with

and stirring for at least 5 min. Peak currents and potentials were tioni be bindi ith Dolv(st fonate) f hich
measured using the peak analysis feature in the software. Prism 4c&tionic probe binding with poly(styrenesulfonate) for whic

(GraphPad) was used to fit each data set to the binding isothermthere was no_shift7in formal potential over a large range of
equation using nonlinear regression. The reported binding ratios Molecular weightS There are several important points to
and binding constants are the mean value of three independent datdliscuss on the basis of these results.

sets. First, despite the 4/3— charge of the probe, these are sur-
) ) prisingly large equilibrium binding ratios when compared to
Results and Discussion purely electrostatic probes binding to other polyelectrolytes. For

Typical CV behavior for the sequential addition of G2.0 example, Bard's group found that the [Co(bg¥)’?" binding
PAMAM (MW 3256) solution to 0.1 mM [Fe(CN}*~ at pH ratio was 2 with calf thymus DNA using the same buffer
7.0 are collected in Figure 1. The well-known CV for [Fe(gK)

in the absence of added dendrimers (curve A) beginstag 0457 &5

V and shows the oxidation of Fe(ll) to Fe(lll) at a peak potential " o G4 I
of 0.214 V vs Ag/AgCI, with a subsequent reduction peak at Z 043480 LA 0o
Epc = 0.150 V after scan reversal. Th®, is a good approxi- 14 o v"Y °

mation of the formal potential and equals 0.182 V (vs Ag/AgCI). > 0.40 v °

The measured value fakE, of 64 mV and the peak current 0 v o

ratio (pdipc) Of 1 indicate a reversible one-electron redox process 0.38 ve

in this buffer composition in accord with literature valii8#t . T T T T

pH 7 there is general agreement that only the terminal amines 0.000 0.025 ?g;%] ?n'OM75 0-100

on PAMAM dendrimers are charged, so any changes in voltam- _. .
g y g Figure 2. Plots ofE;, determined by CV for 0.1 mM [Fe(CN)Y~ vs

metry can be attributed to “Sl_”face" Charge efféétas Figure . [GX.0] in the presence of 50 mM NaCl/5 mM Tris at pH 7. (For clarity,
1 shows, the redox probe shifts to potentials that are more posi-the G1.0 data are not shown.) Each data point is the average of three
tive with a corresponding drop in peak current as one adds G2.0.measurements (standard deviation £8.002 V). CDV
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Table 1. Limiting Potential Shifts and Binding Ratios for
[Fe(CN)e]43~ with Dendrimers? 1.0
terminal/ pH 7 pHS /
PAMAM  molar interior E,— Ef Ep — E
(EDcore) mass amines (mV) Ks/Ks- (mV) Ka/Ks- 0 <
— S
G1.0 1430 8/6 44 5.6 ND ND -
G2.0 3256 16/14 45 5.8 85 28
G3.0 6909 32/30 48 6.5 95 41 1.0
G4.0 14215 64/62 60 10.2 120 108
G5.0 28825 128/126 61 10.8 b
aRatios calculated from equation in Scheme Data not reliable due 0.65 0.45 0.25 0.05

to periodic electrode fouling. E.Volts

. . . Figure 3. Cyclic voltammograms for 0.29 mM 1;ferrocenedicar-
composition as above, while the Fe(lll/ll) analogue had a ratio poyylic acid showing the effect of added G4.0 dendrimer from 0.003
of one (much lower ionic strength began to favor tHeidn).26 to 0.040 mM (50 mM NaCl/5 mM Tris at pH 7) at a GC electrode
Thorp and co-workers found DNA binding ratios favored Wwith potential scan rate; = 50 mV/s.

[Os(bpy}]®™ over the 2 ion that ranged from 1.7 at 75 mM
NaCl to 3.9 at 15 mM NaCl! One might question the
assumption that ferrocyanide acts as a purely electrostatic probe,
yet other probes with strong hydrophobic interactions with DNA,
like [M(phen)]3*/2* complexes, generally gave binding ratios
of one or les2?31 The electrostatic selectivity we see for even
the smallest ®. 0 PAMAM may have important implications

for substrate binding in dendrimer catalytic schemes.

Another implication from the results is that the shift in formal
potentials with generation must be due to changes in the physical
properties of the macromolecule. The abrupt change in 05 04 03 02 01 -00 -01
Ks-/Ks3- ratio from a relatively constant value arounet for E, V vs Ag/AgCl
G1.0-G3.0 to over 10 for G4.6G5.0 suggests that this redox  rigyre 4. Cyclic voltammograms for 0.1 mM [Fe(C}- in the
probe is responding to a size/shape/charge density change andbsence (A) and presence of PAMAM dendrimers=(8).014 mM
that this change leads to preferential binding of the higher G2.0, C=0.014 mM G3.0, D= 0.013 mM G4.0). Potential scan rate,
charged ion. Recent studies on PAMAM dendrimers support ¢ = 50 mV/s at a GC electrode in 50 mM NaCl/5 mM acetate buffer

these observations. For example, transmission electron micros PH 5

copy (TEM) studies showed that the size and the shape of the  Shifts in Formal Potential with pH. The PAMAM interior
PAMAM dendrimers changed abruptly going from lower to tertiary amines are mostly protonated at pH 5, and the shifts in
higher generation¥. Computational studies revealed highly peak potential for the redox probe are much larger than at pH
asymmetric shapes for GE@3.0, nearly spherical shapes for 7 (Table 1). Figure 4 illustrates the magnitude of the potential
G5.0-G7.0, and a transitional shape for G4.0. Most recently, shifts at pH 5 for [Fe(CNJ*~ in the absence (curve A) and
Maiti and Goddard extended the computational work to include presence (curves-BD) of about the same concentration G2.0,
solvent and pH effects on dendrimer structure. They found a G3.0, and G4.0 PAMAM dendrimer.

33% increase in swelling of G5.0 when solvent was included  One notices several qualitative changes compared to the pH
in molecular dynamics simulations. Decreasing the pH increased7 results. First, potential shifts are much larger at pH 5 than pH
the radius of gyration and allowed significant water penetration 7 for the same concentration of dendrimer. From Figure 4, the
inside the dendrime¥ For our results, it is not clear which of  shift for G2.0 is+37 mV at pH 5 compared to onk17 mV
these changes may be responsible for the charge selectivity forat pH 7 for the same concentration (data not shown). The shift
binding the 4- ion. The pH effects we describe in the next for G3.0 is+71 mV vs+22 mV, and for G4.0 it is-142 mV
section may be related to both the charge increase and openingompared to+55 mV at pH 7. The larger shifts cause the

of the dendrimer structure as one lowers the pH. binding ratiosK4-/Ks-, to be much larger at pH 5. Remarkably,
The large binding ratios for G4.0 with [Fe(C{/3~ does the 4— probe appears to bind 100 times more strongly than the

not extend to a probe with reduced charge,-fetrocenedi- 3— probe with G4.0 at pH 5. Second, the electron-transfer

carboxylic acid. This probe is primarily in the-2form at pH reversibility of the free probe and bound probes is not as good

7 on the basis of the publishe& pfor ferrocenecarboxylic acid  in pH 5 acetate bufferAE, = 156 mV, ipdipc = 0.70 for free

of 4.20 in watef? (the K4 is 7.76 in 80/20 MeCN/KD).41 The ferrocyanide at scan rate,= 50 mV/s). Third, as discussed in
voltammograms of [Fe(CpCOQy,]2~ at pH 7 in Figure 3 show  the next section, the peak current decreases are larger at pH 5
that adding G4.0 gives much smaller positive shifts in potentials than at pH 7, implying stronger binding constants for the probe
than earlier. There are also smaller decreases in diffu- at the lower pH, consistent with probe penetration inside the
sion currents indicating smaller binding constants, as expecteddendrimer. One must keep in mind that the poor electrochemical
on the basis of the reduced charge of this probe. KheéK;— reversibility makes the binding ratios much less certain at pH
binding ratio calculated from the maximum potential shift is 5. In summary, for each PAMAM dendrimer generation, the
only 1.2 with G4.0. At this point, we cannot rule out a hydro- 4— ion binds much more strongly than the 3on at pH 5 than
phobic or a hydrogen-bonding interaction between this probe at pH 7, while the structural change in PAMAM dendrimers is
and G4.0 that may decrease the assumed electrostatic bindingtill detected since the relative binding ratios jump from 41 to
ratio, although no binding is detectable at pH 9. This result may 108 between G3.0 and G4.0.

also point out opportunities and limitations for this technique At this point, one can speculate that the increasi€ inKs-
when selecting probes for these unusual polyelectrolytes. at lower pH is from the increase in charge density dueCB\/
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protonation of both the terminal and interior amines. The num- 0.0
ber of prospective electrostatic binding sites for each genera- < 03] \
tion at pH 5 is almost double compared to pH 7 (see the ter- S -
minal amine/internal amine ratios in Table 1), so it is not cTo.o,s-
surprising that electrostatic binding should increase. We did not (;T
anticipate the large increase in binding ratio with pH, yet the = 08 o
data suggest that the-4probe must be selectively responding 1.0 ; :
to additional charged sites in the interior of each dendrimer. 009 3.0x10° 6.0x10®
Another point is that the binding model depicted in Scheme 1 ' [G2IM
ignores cooperative effects that may shift equilibrium binding S -0.3]
to favor the 4- ion or to disfavor 3- binding. While it is not 3
clear which effect may prevail, the dendritic molecule becomes Lo -0.5]
more close-packed and spherelike past G3.0, and the jump in o 0.8
4—/3— binding ratio could be related to more efficient charge
_neut_ralization at the ex_ter_ior, allowing better access to_the '1-00 30x105 6.0x105
interior. In support of this idea, we note that the rheological 0.0 [G3] M
properties and surface activities of the PAMAM dendrimers in < 03
solution depend strongly on the location of the terminal < -
amines20—22,24,42 ;_; 05
Finally, titrations at pH 9 with ferrocyanide and G4.0 show o 08

no change in peak current or i&,. Moreover, there is no
detectable binding at pH 7 between full generatioiX.@ -1.04 . .
dendrimer and the cationic probe, Ru(N§i™. These are the 0 3.0x10° 6.0x10°
expected results for purely electrostatic binding, as the PAMAM [G4IM

dendrimers have no charge at high pH and should exclude Figure 5. Plots ofi? — i¢? during titrations of 0.1 mM [Fe(CN)*
cations at lower pH g ghp with GX.0 in the presence of 5 mM Tris, at pH 7 with 50 mM

NaCl added. The solid lines are the nonlinear least-squares fits using

Voltammetric Peak Current Changes with Dendrimer eq 1.
Generation. As noted above, the peak current for a charged
probe decreases as one adds moXeOGiendrimer (pH 7 and Table 2. Conditional Binding Constants at pH 7
below). Voltammetric methods exist to obtain conditional Ks- (sd) x 10 Ks- (sd) x 10¢
binding constants using the proportionality of current to the  generation M2 generation M~12
diffusion coefficient,D, for the free and bound redox probe G1.0 1.5+ 0.3 G4.0 313
(for CV the relationship i$2 00 D). As pointed out by Welch G2.0 2.9+0.2 G5.0 37

and Thorp, binding constants for redox probes to DNA are G3.0 8.8£04

obtained by fitting voltammetry currents to the appropriate  aFit to eq 1 from titration data, for 0.1 mM [Fe(CN}~ in 5 mM
binding isotherm. They found most electrostatic probes fit best Tris/50 mM NaCl.

to a binding model that assumed noncooperative or weak

territorial binding. Probes such as Os(bgy)and Co(bpy3**, > 1, assuming that the number of binding sites is greater than
where bpy is 2,2bipyridine, gave asymptotic binding isotherms ~ or equal to the terminal amines per dendrimer (Table 1). Figure
similar to a Scatchard binding model. A biphasic saturation 5 shows typicali? — i¢* data collected during G2-6G4.0
curve (fit to a noncooperative site-binding model) only occurred titrations of 0.1 mM ferrocyanide at pH 7 along with the two-
for strong binding to DNA via intercalation with probes such parameter fit folK andisa Table 2 contains a summary of the
as Co(phenf* (phen is 1,10-phenathroline) at low ionic binding constants.

strength. The currentconcentration relationships from the work ~ The calculated binding constaldi— depends on the genera-
reported here are best fits to the weak territorial model. The tion of PAMAM dendrimer, increasing in magnitude from
relationship, derived by Thorp and others for redox probes 15 000-88 000 for G1.6-G3.0, but leveling off past 310 000

binding to DNA, is shown in eq 7:3132 M~ for both G4.0 and G5.0. This trend tracks the trend in
binding ratios seen earlier and reflects stronger binding of the
2 .o .o .o K[GXO] electrostatic probes after the structural change past G3.0. We

"= lo"= (Isat — 1o )1 + K[GX.0] @) can only speculate on the leveling off of both the binding ratio

and the conditional binding constaldi- at G4.0 and G5.0 as
whereK is the conditional binding constarg,is peak current  there are numerous variables to consider, such as the effect of
of the free probeigatis peak current at binding saturation, and pH, surface charge, and counterion binding for each generation.
i is the peak current during titrations. A measured valuefgr Dubin and co-workers addressed the issue of counterion binding
only comes from strong binding probes in the presence of a to carboxyl-terminated dendrimers and concluded that effective
large excess of dendrimer. Usually, one calculgtgas a second  surface charge density with G5.0 dendrimers may be lower than
fitting parameter for weaker binding probes. We find each with G2.0 dendrimers due to strong counterion bindihgve
method yields the same results, so the two-parameter fit is see the effect of reduced polyanion charge for a probe molecule
preferred as it saves time and materials. It is important to note through an analysis of the data in Figure 3 for'fekrocene-
that we express the dendrimer concentrations on a moleculardicarboxylic acid. The best fit to the binding isotherm gives
basis because the concentration of electrostatic binding sitesk,— = 2.3 x 10* M~ with G4.0 at pH 7, a 13-fold decrease
changes with dendrimer generation and pH (titrations with DNA compared to the 4 ferrocyanide probe. There are differences
use the concentration of fixed nucleotide phosphate sites). Forin geometry and in the hydrophobic character of ferrocenedi-
a given pH, the titration experiments in this work are conducted carboxylic acid that may have an effect on binding (i.e.,
under the conditions dR = [electrostatic binding sites]/[probe] orientation of the carboxylic acid groups toward the dendrim&BV
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0.0 Conclusions
& 0.5 A Electrochemical methods were used in this study to explore
}_1 0 electrostatic binding of metal complexes with G®5.0
=< PAMAM dendrimers as a function of pH. A simple titration
15 between solutions containing an electroactive probe and den-
204 ' ' drimers leads to binding ratios from potential shifts and binding
0 2.0x10-5 4.0x105 constants from current measurements. The results suggest that
0.0 [G4], M the binding ratios obtained from CV potential shifts are an
& -05 B indicator of charge density for the PAMAM dendrimer series.
El The shell model for the protonation state of the PAMAM series
e -1.0 may help explain the phenomena. At pH 7, only the outermost
o 15 amines (the terminal amines) are charged, and electrostatic
binding favors the 4 probe to a small extent. Lowering the
'2‘0(') 2.0x105 4.0x10-5 pH causes the interior shells (the tertiary amine branching
00 [G4], M points ending in the ED core) to become charged, and the

entire molecule more than doubles it charge by pH 5. While
05 a microscopic explanation of the increased binding ratio
(K4-/K3-) at lower pH is not possible from the data, the pH 5

-2 [UA?f]

1.0 results imply that the macroscopic increase in binding ratio of
L 15 the 4— probe over the 3 probe is related to an increase in
20 . . charge density.
) 2.0x10-5 4.0x10- The change in electrostatic binding with dendrimer size is
[G4], M perhaps unique for polyelectrolytes. Jiang and Anson saw no

changes in the binding of metal complexes to different molecular
Figure 6. Effect of ionic strength on binding isotherms of 0.1 mM  weights of polystyrenesulfonate (806854000) using volta-
[Fe(CNE]*" and G4.0 PAMAM in 5 mM Tris, pH 7 for 15mM NaCl  mmetry27 perhaps due to the random coil nature of these

(A), 75 mM NaCl (B), and 150 mM NaCl (C). polymers as opposed to the “static” micelle structure of charged

Table 3. Equilibrium Constants for Metal Complexes with dendrimers. Thorp and co-workers found only a small decrease

Dendrimers at pH 7 in probe binding to small synthetic nucleic acid polymers

probe + GX NaCl, mM  Ky/Kn1 Kpx 10% M1 compared to DNA and proposed that electrostatic territorial
[Fe(CNKJ* + G4.0 150 26 155 binding is a funct!on of linear charge density as opposed to

75 5.1 258 local charge densit$:

50 10.2 311 Clearly, many questions remain on the effect of size,

[Fe(CPCO0)T* + G40 15% 331-_‘; 4‘;-; functional group, buffer type, and pH on the binding of small
[RU(NH)J%" + G3.5 50 10 11 molecules to dendrimers. The CV method, and other electro-

chemical techniques based on pulse methods, should prove fast

but these may be minor effects given the magnitude of the and useful for further evaluation of dendrimer polyelectrolyte
binding constants. binding parameters.
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