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Experimental Section

4- Vi nyl benzoyl chl oride was prepared from 4-vinyl benzoic acid
[ VBA] using thionyl chloride. The VBA starting material was
synt hesi zed from 4-(brononet hyl ) benzoic acid using Wttig
chem stry (L. M Harwood, C. J. Mody, Experinmental Organic
Chem stry, principles and practise, Blackwell Scientific Pub,
588, 1989). t-Butyl 4-vinylbenzoate [t-BuVBA] was synthesized
by reacting 4-vinyl benzoyl chloride with excess t-butyl

al cohol in dry diethyl ether in the presence of potassium
tert-butoxide(T. Ishizone, A Hrao, S. Nakahama,
Macr onol ecul es 1989, 22, 2895).
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Schenme 1. The ATRP synthesis of the poly[4-vinyl benzoic
aci d- bl ock- 2- (di et hyl am no) et hyl nethacryl ate] (VBA—b-DEA)
di bl ock copol yner.

(Schenme 1) For a typical ATRP snnthesis of the poly(tert-
butyl 4-vinyl benzoate) macro-initiator, CuBr (143 ng, 1
mmol) were added to a dry, round-bottom flask equi pped with
a stir bar. After sealing it with a rubber septum the

fl ask was degassed and back-filled with nitrogen three
tinmes and then left under nitrogen. Anisole (8 nL) and
tert-butyl 4-vinylbenzoate (15.0 g, 74 mol) were added,
bot h of which were deoxygenated and added via syringe that
had been purged with nitrogen. The tridentate

pent anet hyl di et hyl enetri am ne (PMDETA) ligand (173 ny, 1
mmol ) was added to formthe copper conpl ex. Mthyl 2-

br onopr opi onate (MBrP) (167 ng, 1.00 mmol) was added to the
flask and the flask was placed in a thernostated oil bath

at 95 °C, after 3 h, the flask was cool ed and di ssolved in



di chl or omet hane. 'H NMR anal ysi s indi cated a nonomer
conversion of 67% The polynmer was purified by passing

t hrough an alum na columm and after evaporating nost of the
solvent, it was precipitated into nethanol. The pol yner was
then dried under vacuum at roomtenperature. GPC anal ysis
(PMVA standards, THF eluent, refractive index detector)
showed that this t-BuVBA macro-initiator had a nunber-
average nol ecular weight (M) = 12,300 and an M/ M, of

1. 09.

2- (Di et hyl am no) et hyl met hacryl ate [ DEA] was pol yneri zed
using the t-BuVBA macro-initiator in anisole at 95 °C. Up to
80 % conversion was obtained after two hours and the

resul ting crude t-BuVBA-b-DEA di bl ock copol yner was
purified by passing the reaction solution through a neutral
al um na colum; the solvent and excess nononmer was renoved
under vacuum The degree of polynerization of the DEA bl ock
was determined to be 66 by *H NVR spectroscopy (see Figure
2), indicating a nmean bl ock conposition of 52 nol % DEA. GPC
anal ysis of this diblock copolymer gave a M, of 21,400 and
an M/ M, of 1.28, which is typical of copolyners prepared by
ATRP. Sel ective hydrolysis of the t-butyl groups was
readi |y achi eved by refluxing the diblock copolymer in a 10
v/ v% HO / di oxane solution for 10 h at 85 °C. The sol ution

m xture was precipitated into acetone to isolate the
resulting zwitterioni c VBA-b-DEA di bl ock copol yner. Further
purification was achi eved by dissolution in water at pH 10,
foll owed by adjusting the solution to neutral pH in order
to precipitate the di block copolynmer around its isoelectric
point. This precipitate was further purified by washing
with acetone and then dried under vacuum at 50 °C overni ght.



Dynam c light scattering (DLS) studies were perfornmed on a
Brookhaven I nstrunments Corp. BI-200SM goni oneter equi pped
with a Bl-9000AT digital correlator using a solid-state

| aser (125 mMW A = 532 nm at a fixed scattering angle of
90°. The hydrodynam c dianeter, D, and pol ydi spersity of
the mcelles were obtained by a cunmul ants anal ysis of the

experinmental correlation function.

Static light scattering was perfornmed using a DAWN DSP

Laser Photoneter, equipped with a 5 mWN He-Ne l|aser (A =
632.8 nm and ei ghteen photodi ode detectors at scattering
angles ranging from 22.5° to 147°. M, and Ry data were
obtained wusing standard Zinm plot analyses. The dn/dc
val ues of copol yner solutions conprising DEA-core mcelles

at pH 10 and VBA-core nmicelles at pH 2 were neasured at 20

°C using an Optilab DSP Interferonetric refractoneter (A =
633.0 nm.

El ectrophoresi s neasurenents were carried out using a
Mal vern ZetaMasterS instrunment. Zeta potentials were
calculated fromnobilities using the Henry equation and
determ ned as a function of solution pH (0.02 M Nad ; 25
°0).

St eady-state fluorescence neasurenents were carried out
with a Cary Eclipse fluorescence spectrophotoneter (VAR AN)
at roomtenperature. Pyrene was used as a probe of the
hydr ophobi ¢ domai ns. The excitation wavel ength (Aex) was 333

nm

'H NMR spectra were recorded on 10.0 g L ! copol yner
solutions in D,O using a Bruker Avance DPX 300 MHz



spectroneter. TEM pictures were recorded on a Htachi 7100
m croscope. Sanples were prepared by di pping a Fornvar-
coated copper grid into 0.50 g L' aqueous copol yrer
solution and RuOQ, vapor was used as a staining agent to
enhance the contrast.

Surface tension ()) nmeasurenents were carried out using a
Kriss K10 tensioneter operating at 20 °C. Reproducibility
was checked by frequent determ nation of the surface
tensi on of de-ionized doubly-distilled water (72-73 mN m?).

The effect of copolynmer concentration on mcelle dinmensions
It is also interesting to note that the aqueous sol ution
behavi or of this schizophrenic diblock copol ynmer al so
depends on its concentration. For a 10.0 g L' copol yrer
solution, DEA-core mcelles of 35 nmdianeter are forned at
pH 10. On addition of HO, relatively large coll oida
aggregates of 122 nmare forned at pH 2; these
supranol ecul ar structures are nuch larger than the well -
defined mcelles obtained froma 1.0 g L' copol yrer
solution (see above). This difference can be attributed to
t he phase inversion that occurs on shifting fromhigh pH to
|l ow pH. During mcelle formation, there is conpetition

bet ween inter-chain aggregation and intra-chain coll apse,
the former leads to larger mcelles and the latter |leads to
smaller mcelles. At higher copolyner concentration, it is
nore likely that inter-chain aggregation dom nates over
intra-chain collapse, leading to the formation of |arger

m cel | es.



Surface tension studies

Figure 5a depicts the variation of surface tension with
solution pH As expected, the surface tension exhibited a
maxi mum at around pH 7-8 due to nacroscopi c precipitation
of the zwitterionic diblock copol ynmer. Above pH 8.3 or

bel ow pH 6.6, the surface tension decreased by about 7-10
mN m?! due to weak interfacial adsorption. This noderate
reduction in surface tension is perfectly reasonabl e given
t he pol yel ectrol yte nature of the hydrophilic block
(anionic VBA or cationic DEA) at both high and | ow pH
respectively. The packing efficiency for the adsorbed
chains at the air-water interface will be gradually reduced
as the charge density of the cationic DEA (or anionic VBA
chains increases to its maxi mumvalue at pH 2 (or pH 10).
This leads to the I ocal m ninma observed in the surface

tensi on data shown in Figure 5a.

Fl uorescence studies

Pyrene has been used to probe the internal structure of the
core of the mcelles. The em ssion spectrum of pyrene
depends on the hydrophobicity of the environment (A S. Lee,
A P. Gast, V. Butin, S. P. Arnes, Macronol ecul es 1999, 32,
4302). Figure 5b shows the fluorescence intensity ratio
(1s/11) for pyrene in aqueous sol utions of the VBAs- b- DEAss
di bl ock copol yner at different pH The curve shows a

m ni mum around the precipitation region; here the I3/l
ratio is about 0.54, which is close to the literature val ue
of pyrene in water, indicating that alnost all the dibl ock
copolynmer chains precipitate at the IEP. At |lower pH a
plateau at an I3/ 1, ratio of about 0.65 was obtai ned, which



is lower than that expected for pyrene in a purely

hydr ophobi ¢ environnment. This can be attributed to the
relatively polar carboxylic acid groups in the VBA-core
mcelles or the | ow concentration (0.50 g L'!) used in the
fl uorescence neasurenents. At higher pH a relatively high
ls/11 ratio of about 0.82 was obtai ned, which corresponds to
the formati on of | ess polar DEA-core mcelles.
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Figure 5a. The variation of surface tension as a function
of pHfor a 1.0 g L' aqueous sol ution of the VBAg—b- DEAss

zwitterionic diblock copolyner at 20 °C

0.87

0.7
/1

0.6 7

05 T T T T T T T T T T T
Solution pH ——
Figure 5b. 1l3/l; intensity ratios derived from fl uorescence

em ssion spectra of a dilute solution (0.50 g LY of the
VBAso- b- DEAses di bl ock copol yner as a function of solution pH.



