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Experimental

Materials
75

Poly(propylene glycol) N, 4000 g/mol according to the
manufacturer's dateby sec = 1.1 andM; yapr = 4170 g/mol,

20 Py maor = 1.01) was delivered by Polysciences, Warringih,
USA. N,N-dimethylaminoethyl methacrylate (DMAEMA,;
purified by filtration over basic alumina), silicand N,N-
dimethyl-4-pyridinamine (DMAP) were purchased fr@xaros
Organics, Geel, Belgium. Poly(ethylene glycol) moetmyl

25 ether M, = 5000 g/mol according to the manufacturer’s data;
DM,SEC: 1.1 andvln’MALm = 4950 g/mol,‘DMYMALm = 101, dried
in vacuo after precipitation twice in anhydrousthijgether and ss
then hexane respectively), methanesulfonyl chloratehydrous
tetrahydrofuran (THF; destabilized; for anionic yukrization

30 destilled over Na/benzophenone before use), brarbotgryl
bromide, trans-2-[3-(4-tert-butylophenyl)-2-mettyl-
propenylidene)]malononitrile (DCTB), a-cyano-4- o
hydroxycinnamic acid (CHCA), trimethylsilyldiazomeitfe (2M
in diethylether), N,N,N N7 N7 N7

35 hexamethyltriethyltriamine  (HMTETA) and the phospéae
base t-BuR in solution (1.0 M in n-hexane) was delivered by
Sigma Aldrich. Ethyl glycidyl ether was delivereg BBCR and 9
dried by distillation over calcium hydride. Chlorafe, n-hexane,
1,4-dioxane (HPLC-grade), ethyl acetate, methamohydrous

0 diethylether and anisole were obtained by VWR. Tsilstmine,
butanol, n-heptanes, formic acid, sodium and alamimere
obtained from Merck (Darmstadt, Germany). Sodiundrize
(50% in paraffin oil) and molecular sieves (4A) eeelivered by

80

o

from

Haén. Dichloromethane was bought from Promochemsg@iVe
Germany). Basic alumina (Alumina B-Super 1) was ioleth
MP Biomedicals (Enschede, Germany).
Dipentaerythritoldiacetonketal was synthesized atiog to
referencé. For purification, column chromatography was

followed by thin layer chromatography (TLC) on silicTLC

plates (Merck, Darmstadt), using the same solvertune (ethyl
acetate/acetone 100 : 1) as mobile phase. After Th€ plates

were immersed into concentrated HN&hd then dried with help

of a heat gun for staining the dipentaerythritatdtanketal spots
brownish & = 0.4). Monomesylated poly(ethylene oxid®¥),(=
5000 g/mol;by sec = 1.1) was prepared according to reference

from above-mentioned poly(ethylene glycol) monorge#ther?

Regenerated cellulose dialysis membranes (Cellu Sép H
MWCO 3500; Cellu Sep T2, MWCO 12000) were purchased

from Interchin. For reagents, the highest puriagailable were

acquired and used as delivered (except where oitestated).

Syntheses

Monotelechelic Poly(ethylene oxide) with

dipentaerythritoldiacetal-endgroup (PEO;14(0OH)) A

The monomesylated poly(ethylene glycol) (4.55 4,09 mol)
was dissolved in 35 mL THF under nitrogen countevflby
carefully heating with a fan. The dipentaerythdiatetonketal
(1.51 g; 4.520° mol) and sodium hydride (100 mg 50% NaH,
2.0810° mol) were suspended in 15 ml THF under nitrogen-
counterflow and refluxed at 75°C. Then, the PEO tamuwas
slowly added with a syringe under nitrogen coutierfand
refluxed at 75°C over night. The next day, furtheH\(450 mg
50% NaH, 9.40° mol) was added underMounterflow and
stirring was allowed for another 5 h. The mixturasveentrifuged
and the supernatant was acidified by addition etiaacid until
wet pH paper shows neutral pH. The mixture wasrifaged and
the supernatant was reconcentrated and precipitated
diethylether and the precipitated polymer was dvesb in
methanol and dialyzed against methanol over nighén it was
again precipitated in diethylether, filtrated, wedlwith heptanes
and hexane and dried in vacuo to yield 2.8 g (68%{D-block-
dipentaerythritoldiketal with a conversion of matean 92 %
according to NMR (comparing methyl signal at 3.38npand
methyl signal at 1.4 ppm). SEC (DMF, 1 g/L LiBr; PMMA
calibration): M= 11700 g/mol,By = 1.05; MALDI-ToF MS
(DCTB): M, = 5290 g/mol,by, = 1.01;64(400 MHz; CDC};
Me,Si) 3.85-3.4 (s, PEO-H; 16H, overlapping peaks of
dipentaerythritol unit -R-8,-OR), 3.38 (3H, s, B5-O-PEO), 1.4
(12H, s, ketal-R-El3).

Bismesylated Mes-PP@-MesB

Hydroxy-telechelic PPO with one OH-group on eacimieus

(60 g, M, = 4000 g/mol, 0.015 mol) was dissolved in

100 dichloromethane (200 g) and triethylamine (11g,10mol) and

mixed with 20 grains of molecular sieve. After 3he grains

Fluka. CuCl and CuGlwere obtained from Alfa Aesar. Acetone Were removed and the solution was cooled with iefore
sand THF for the preparation was bought by AppliChem Mmethansulfonylchloride (6 g, 5 mL, 0.052 mol) wadded
(Darmstadt, Germany). Sodium chloride was obtaingcKkMF ~ dropwise with help of syringe through a septum (#@). Then,
(Lohmar, Germany). Acetic acid was purchased froedRi de- the solution was allowed to warm up overnight unslémring.
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The mixture was filtered over silica and concewfiatefore the ¢ (0.45 um, PTFE membrane), the dissolved fractios @dréed in

polymer was dissolved in dioxane (~100 mL) and ydied
against dioxane for 10 days (MWCO 3500). Then, that®n
was again concentrated by freeze-drying and vaq@dng). SEC
s (DMF, 1 g/L LiBr; PMMA calibration):M,, = 6200 g/molpy, =
1.13; 64(400 MHz; CDCk Me,sSi): 4.79 (2H, m, CKBOs-
CHCHj3-CH,-0), 3.6-3.45 (m, O-8,-CHCH,-0), 3.45-3.3 (m,
O-CH,-CHCH3-0), 3.04, 3.02 (6H, ds, HzSOy-), 1.34 (6H, dd,
CH3S0;-CHCH3-CH,-0), 1.2-1.0 (m, O-CHCHCH4-0).
10
Poly(ethylene oxide)-block-poly(propylene oxide) wvifh inner
dipentaerythritol (PEO 114(OH)4-PPOsg) D, prepared with
bismesylated poly(propylene oxide) (Mes-PP£&-Mes)

1s The mesylated poly(propylene oxid®, 8.0 g, 1.1.0* mol) was
dissolved in 5 mL dry, inhibitor-free THF and drieaver
molecular sieves. The solution was added with anggrinto the
setup that was equipped with a nitrogen-flusheddenser /

vacuo and analyzed by NMR in order to assess thek biatio.
This precipitation procedure was repeated, ungl iock ratio
did not change anymore and the pure diblock copetymas
obtained (75 mg). SEC (DMF, 1 g¢/L LiBr, PMMA calibit):

6s My, = 15800 g/molPy, = 1.12; MALDI-ToF MS (DCTB):M,, =

9400 g/mol,By = 1.01;04(400 MHz; CDCk Me,Si) 3.64 (s,
PEOH), 3.6-3.48 (m, O-8,-CHCH;-0), 3.48-3.3 (m, O-CH
CHCH;-0), 1.2-1.05 (m, O-CHCHCH;-O).

70 Macroinitiator with four ATRP initiation sites PEO 11,Br4

PPGgo {poly(ethylene oxide) - block - 2,2,6,6-tetrakis[mthyl-
(2"-bromo-2"-methylpropionate)]-4-oxa-1,7-heptandib- block
- poly(propylene oxide)}E

75 1.6 g chloroform and triethylamine (0.8 g, I® mol) have

been dried for one hour over molecular sieves aek\wdded to
the deprotected diblock PEReckPPO mixture D, 100 mg, ~

water trap (CaG) and heated at 65°C. A mixture of PEO- 50 mol. % diblock) with inner dipentaerythritol rey (< 610°
2 dipentaerythritoldiketal A, freshly precipitated in anhydrous mol OH Groups) and 1.3 mdN,N-dimethyl-4-pyridinamine

diethyl ether and hexane from dichloromethane &wiudried in
vacuum; 0.5 g, 9:40° mol) and NaH (100 mg, 50% NaH, 2@
% mol) in 5 mL dry THF was slowly added with a sgénunder
nitrogen counterflow and stirring, before it wafiured for 2 h at
25 75°C. Then, the left-over precipitate of non-reaciaH was
washed with 5 mL dry THF and added to the reactioxture,
before it was refluxed under stirring at 65°C ouse tveekend.
Then it was refluxed at 75°C. After 1 h, 400 mg Nakte added
under N-counterflow, stirring and reflux. After another uro
30 sodium butanolat (1 g butanol was mixed with 0@ §0% NaH
in 10 mL dry THF) was added undeg-Bbunterflow, stirring and
the mixture was refluxed for further 2 h. Then, thixture was
acidified by addition of acetic acid until wet ptaper shows
neutral pH. The mixture was centrifuged at 40°C a@@d0 rpm in
3s order to remove non-dissolved sodium salts andsthpernatant
was concentrated. It was dissolved in 10 mL hot Tatk
precipitated in the freezer overnight. The next,dagxane was
added and the suspension was centrifuged at 5°G@0QIrpm in
order to remove non-bound PPO. The precipitate dvasd in
40 vacuo before it was dissolved in water and dialyfmd16 h
against water (MWCO 3500) and freeze dried to yixE#4 g (60
%) with 50% conversion to diblock according to NMRhe
polymer was dissolved in 10 mL of a concentrate€Nslution
and dialyzed for 4 days at 40°C against a 3 M NadQitiem
45 (MWCO 12000) in order to reduce the amount of nacted
PEO (no full removal of PEO possible in that wakhen, 1.5 g
acetic acid and 0.15 g formic acid were added tonBOof the
polymer solution (pH 3). The mixture was stirred 20 h at RT.
Then it was dialyzed for 8 h against water. WhgyHaof 6 was
so reached, it was freeze dried to get 0.47 g PEO/Rib@ure with
95 % conversion in deprotection of the ketal armb@version to
diblock of ~ 50 mol % according to NMR. One part tbfs
mixture was directly used for the synthesis of ithecroinitiator.
Another part was used for the full removal of nawhd PEO.
ss This was achieved by dissolution of 210 mg of thadymer
mixture in ~ 10 mL acetone and a successive fraated
precipitation by a careful and dropwise additiondadthyl ether.
When the solution turned hazy, the addition wapstd. After
removal of the precipitated PEO by filtration wihsyringe filter

so (DMAP) and then cooled with ice under stirring. ih&-bromo-

2-methylpropanoyl bromide (26 mg; 1L.@*mol) was added and
the mixture was stirred for 2.5 h, before anothér r8g of
bromide (3.8.0* mol) were added. The temperature was allowed
to slowly increase to RT overnight under stirringneThext day,

ss the flask was equipped with a condenser and theunmsixwas

refluxed at 75°C for 2 h. When the mixture was cdod®wn,
chloroform was added and the mixture was filtraftte mixture
was concentrated, before it was dissolved in hotF Tahd
centrifuged. The solution was cooled in the freeZdrthe next

9 day, after adding hexane, the mixture was centifugnd the

precipitate was dried in vacuo. The precipitate wi&solved in
methanol and dialyzed for 3 days against methaMIVCO
3500) and then for 10 h against water before it fresze dried.
It was dissolved in 5 mL acetone and the side prbBEO(-BE)

9s was precipitated. This was achieved by a carefdl dmopwise

addition of diethyl ether. When the solution turniedzy, the
addition was stopped. After removal of the preaigitt PEO by
filtration with a syringe filter (0.45 um, PTFE mbrmane), the
dissolved fraction was dried in vacuo and analyzgdNMR in

100 Order to assess the block ratio. This precipitapomcedure was

repeated, until the block ratio did not change amgnFinally,
the supernatant was concentrated, dissolved inrveaig freeze
dried in order to obtain pure macroinitiator (22,8 % yield
relative to pure diblock). SEC (DMF, 1 g/L LiBr; PMM

105 calibration): M, = 18100 g/molPy, = 1.07; MALDI-ToF MS

(DCTB): M, = 9670 g/mol,Dy = 1.01; Jx(400 MHz; CDC};
Me,Si): 4.22 (8H, s, -6,-0-C=0-), 3.64 (s, PE®H,), 3.6-3.45
(M, O-CH,-CHCH,-0), 3.45-3.25 (m, O-CHCHCH,-0), 1.92
(24H, s, -O-C=0-(Ely),-Br), 1.18-1.07 (m, O-CHCHCH3-0).

Miktoarm star with 1 PEO arm, 1 PPO arm and ~ 4
PDMAEMA arms (PEO ;1+/(PDMAEMA g()31-PPOg) F

A mixture of the macroinitiator PEQ-Br,-PPQq (E, 15 mg; M,

us~ 10200 g/mol; 5.880° mol Br groups), copper(l)chloride

(CuCl; 0.7 mg; 7.10° mol) and copper(ll)chloride (Cugl
0.2 mg; 1.8.0° mol) were mixed in anisole (filtrated over basic
alumina; 0.57 g) and deoxygenated by purging withogen.
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Then, the ligand N,N,N", NN N PMMA calibration):M,, = 9200 g/molpy, = 1.15;
hexamethyltriethyltriamine (HMTETA; 20.8 mg; 90° mol) «=> P,(arm)=~ 90 = final formula: PEQ
and the monomer N,N-dimethylaminoethyl methacrylate (PDMAEMAgg)31-PPQyq

(DMAEMA; 1.256 g; 8.01.0° mol; filtrated over basic alumina)

swere also mixed and deoxygenated. 134 mg of thistisn
(0.132 g DMAEMA, 8.410* mol; 2.1 mg HMTETA, 9.10°
mol) was introduced to the macroinitiator mixtute88°C under
stirring and nitrogen counterflow. After 3 h, theaction was
terminated by injection of chloroform and contadgthmair. The
10 conversion was 49 % according to NMR,{,.{arm) = 70;
Mh.thedtotal) 55000 g/mol; theoretical formula: PE®

Poly(ethylene oxide)-block-poly(ethyl glycidyl ethg with
inner protected dipentaerythritol (PEO114(OR),-PEGE;-),
65 prepared by anionic polymerizationG

For the anionic polymerization, it is important pmlymerize
under anhydrous conditions. Therefore, all flasksrewheated
under high vacuum (IDmbar) several times and flushed with

(PDMAEMA),-PPQy). Then the polymer solution was filtrated” nitrogen before use in anionic polymerization. Rarf the

through silica and then concentrated, before it diasolved in
dioxane and precipitated from hexane. Then theipitate was
15 dissolved in dioxane and dialyzed against dioxame skeveral
days (MWCO 3500) before it was freeze dried todyigd mg of
miktoarm star. SEC (DMF, 1 g/L LiBr, PMMA calibratipriM,, =
58900 g/molpy = 1.39; MALDI-ToF MS (CHCA):M, = 60000
g/mol, By = 1.19; 64(400 MHz; CDC}; Me,Si): 4.2 - 3.9 (O-
20 CH,CH,-N, PDMAEMA), 3.64 (s, PEO-H), 3.6-3.45 (m, CHG:
CHCHs-O, PPO), 3.45-3.25 (m, O-GHCHCHs-O, PPO), 2.65-
2.5 (O-CHCH,<N, PDMAEMA), 2.35 - 2.25 (-N(E),,
PDMAEMA), 2.0 - 1.7 (PDMAEMA backbone I&,); 1.17-1.1

(m, O-CH-CHCH3-0O, PPO), 1.1 — 0.85 (PDMAEMA backbone

25 CHa).

Cleavage of the arms:Different samples of the miktoarm star,

which were used for the investigation of the soltproperties,
were collected after the respective experimentroteoto gain
about 10 mg of miktoarm star. For this reason,cttugle mixture
30 of the miktoarm stars was freeze-dried (~ 200 mgsolid
content), redissolved in water, dialyzed againstewgMWCO
1000; 2 d), methanol (1d) and water (1d) in oraefréeze-dry
the sample (16 mg of miktoarm star). The lyophdizeolymer
was dissolved in 0.7 g acetone for addition of 2§ of
3s methyliodide. After 1 h of stirring at RT (gelatibmok place), the
mixture was dialyzed against acetone (MWCO 1000; dmt)
then 1d against water, in order to obtain the quated product
after freeze-drying (13 mg). This product was tmeired with
0.25 g concentrated, aqueous NaOH in a plastic Walter was
40 dropwise added until the mixture turns clear. Timisture was
left for 14 d at 80°C in order to cleave off the rfmr
PDMAEMA arms from the diblock copolymer PHE®PPO.
Then, the pH of the mixture was carefully set to b®1 After
freeze-drying, the mixture was dialyzed againstewat order to
4s remove residual salt (MWCO 1000; 2d) and in ordeoltain 8
mg of crude poly(sodium methacrylate) (contains RERPO)
after lyophilization. The powder was dispersed iml5 methanol

(containing 1 g/L NaOH) and left for PE®®PPO extraction for 4

days (with daily exchange of supernatant againit NaOH in
so methanol). Then, the precipitate was dissolved atew acidified
to pH 2, dialyzed against water and freeze-driedrder to obtain
3 mg of protonated poly(methacrylic acid) (PMAAh& PMAA
was dissolved in 0.1 ml water and 1 mL THF befodr@s of 2
M trimethylsilyldiazomethane in diethylether werddad, until
ss the solution remains yellowish for more than an rhaader
stirring at RT. Then, the solution was dialyzed aghdioxane
(MWCO 1000) for 1 day and freeze-dried in order lbdvain 2 mg
of poly(methyl methacrylate) (PMMA). SEC (DMF, 1 glliBr,

macroinitiator (telechelic, dipentaerythritoldiketaodified PEO
with one unprotected hydroxyl group) is dried befarse by
several steps. First, the macroinitiator was dissbin anhydrous
DCM and precipitated in anhydrous diethyl ether é&move
75 excess of water. This step is repeated three tifies. second
step is to dry the macroinitiator over high vacufon several
days. In the last step, it is dissolved (with aamniration of 50
g/L) in dried and degassed THF (distilled over Nafophenone)
with addition of fresh molecular sieves to remolke temaining
so water.
A solution of PEO-dipentaerythritoldiketaA( 100 mg, 20°
mol) in THF (2 mL, distilled over Na/benzophenongs dried
over molecular sieves under stirring and slighttinga The
solution was transferred under nitrogen counterflaith a
ss Syringe through a septum into the sealed reactamkf50 pL of
the t-BuR, base solution (1M in hexane1@® mol, 2 eq.) were
added under nitrogen counter flow and the mixtuas stirred for
30 min at 55 °C. The reaction was started by adtfisgnonomer
ethyl glycidyl ether (0.15 mL, 150 mg, 1162 mol, 70 eq.). The
9 reaction was stopped after 90 h (100 % conversmording
NMR) by adding excess of methyl iodide (0.1 mL, §,2..610°
mol ~80 eq.). The solvent was removed in vacuune pitoduct
was dissolved in hot THF and precipitated upon iogoin the
freezer over night. The next day, the precipitats weparated by
o5 centrifugation at -10 °C and 5000 rpm from the snptant.
Finally the precipitate was dissolved in 1,4 dioxaand the
product was recovered by freeze-drying (yield 1@).m
SEC (THF, 1 g/L; PMMA calibration)M, = 9400 g/molb,, =
1.09;5y (400 MHz; CDC}; Me,Si) 3.8-3.6 (PEO-H, s), 3.53-3.33
100 (PEGE R-O-G1,-CHCH,OCH,CH3-O-R, m), 3,31 (3H, PEO-
CHa, s), 3,30 (3H, PEGE-CHibs), 1.33 (12H, acetal -RHg, s),
1.16-1.08 (PEGE R-O-CHCHj3, m).

Poly(ethylene oxide)-block-poly(ethyl glycidyl ethg with
105 inner dipentaerythritol (PEO 114(OH),-PEGE;;) H

Acetic acid was added to an aqueous polymer sol{@o 0.09 g

in 10 mL) until a pH of 3 was reached. Then it wigyzed for

16 h against water with acetic acid (pH 3). Finitlwas dialyzed
uo for 3 days against millipore water and freeze dteegtield 0.08 g

with 96 % conversion in deprotection.

SEC (THF, 1 g/L; PMMA calibration)v, = 12800 g/molpy, =

1.10, MALDI-ToF MS (DCTB):M, = 6700 g/molpy = 1.02;3y

(400 MHz; CDC}; Me,Si) 3.8-3.6 (PEO-H, s), 3.53-3.33 (PEGE
115 R-O-CH,-CHCH,OCH,CH5-O-R, m), 3,31 (3H, PEO-CH s),

3,30 (3H, PEGE-CH bs), 1.2-1.1 (PEGE R-O-GFCH3, m).
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Macroinitiator with four ATRP initiation sites PEO 11,Br4
PEGE,;; {poly(ethylene oxide) - block -
tetrakis[methyl-(2"-bromo-2"-methylpropionate)]-4-oxa-1,7-
heptandiol - block - poly(ethyl glycidyl ether)}

1.8 g chloroform and triethylamine (0.9 g, 8.9°16ol) have

2,2,6,6-

60 1.2-1.14 (PEGE R-O-CHCH3; m), 1.14 — 0.85 (PDMAEMA
backbone €l5).

Polymer characterization
NMR

been dried for one hour over molecular sieves aeit\added 10 . The NMR spectra were measured with a 400-MHz BrukeXD

the deprotected diblock PE®PEGE mixture ifl, PEQ ,(OH),-

400 NMR spectrometer at 23 °C. Unless otherwise &t&B®Chk

- 6 . . . B .
PEGE; 48 mg, 7.0° mol) with inner dipentaerythritol moiety 55 ysed as solvent (usually 100migY). The chemical shifts are

(310° mol OH Groups) and 3 miy,N-dimethyl-4-pyridinamine
(DMAP) and then cooled with ice under stirring. Mh&bromo-

10

presented in parts per million downfield from thelS standard.
As reference the proton signal of residual CH@s used.

2-methylpropanoyl bromide (50 mg; 2.@*mol) was added o

under nitrogen counterflow and temperature waswatb to
slowly increase to RT overnight under stirring. Af8 h, the

15 mixture was heated to 55 °C. After another 5 h,rtliture was

Osmometry

A membrane osmometer (Osmomat 090, Gonotec GmbHnBe

cooled down, chloroform was added and the mixturas W Germany) with regenerated cellulose membrane (@onbwo

filtrated. The mixture was reconcentrated befoneas dissolved
in hot THF and dialyzed for 1 week against THF (M@/Q000)
and then for 16 h against 1,4-dioxane before it fageze dried to
yield 42 mg product.

Sy (400 MHz; CDCk; MesSi) 4.25-4.20 (8H, s, C-CHCH,-
00C-), 3.8-36 (PE®Y, s), 3.6-34 (m, R-0O8,-
CHCH,OCH,CHz-O-R), 3.39 (3H, s, PEO#), 3.30 (3H, s,
PEGE-(H3), 1.95-1.90 (24H, s, -O-C=0O-t{),-Br), 1.16-1.08
(m R-O-CH-CHy)

20

o

2!

a

Miktoarm star with 1 PEO arm, 1 PEGE arm and ~ 4
PDMAEMA arms (PEO ,,/(PDMAEMA ;,)3 -PEGE;7) J

A mixture of the macroinitiator PE@-Br,-PEGE-; (I, 9.6 mg;

30

M, ~ 7600 g/mol; 5.10° mol Br groups), copper(l)chloride

(CuCl; 0.7 mg; 7.10° mol) and copper(ll)chloride (Cugl

75 layer membrane 90.9.0010; cut off 20000 dalton) wsed for
the determination of the molecular weight of miktoastars.
Solutions with different concentrations in THF wengected to
extrapolate to zero concentration. The cell wag k&30 °C. To
rinse the measurement cell with a new sample, appetely 0.7

so mL of sample solution were injected three times.

Size exclusion chromatography (SEC)

SEC analyses were performed at room temperaturg askigh-

ss pressure liquid chromatography pump (Bischoff 22500 a
refractive index detector (Jasco 2031plus) andmescases with
a PSS \viscosity detector. The eluting solvent was
dimethylformamide (DMF) with 1 g/L LiBr and a flovate of 1.0
mL/min (polymer concentration 1 g/L). Five colunwih PSS

0 GRAM material were applied. The length of the pteom was

0.1 mg; 7L07 mol) were mixed in anisole (filtrated over basic 50 mm and the diameter 8 mm (30 A). The remainiagr f

alumina; 0.555 g) and deoxygenated by purging withogen.
Then, the ligand N,N,N",N"",N”" N> hexamethyltriethyl-

35

triamine (HMTETA; 25.5 mg; 1:10* mol) and the monomer
methacrylate (DMAEMA; 2.232 g;

N,N-dimethylaminoethyl
1.42102 mol; filtrated over basic alumina) were also mixattl
deoxygenated. 150 mg of this solution (0.148 g DNAE
40
the macroinitiator mixture at 80°C under stirringdanitrogen
counterflow. After 3 h 50 min, the reaction wasmegrated by
injection of chloroform and contact with air. Thenwersion was
31 % according to NMRR,iedarm) = 58;M,,medtotal) = 43000
g/mol; theoretical formula: PEQ-(PDMAEMAsg)-PEGE7;
formula after estimation of initiation site efficiey by mass
spectrometry: PEQs(PDMAEMA-,);-PEGE;). Then the
polymer solution was filtrated through silica andegpitated
from hexane. The precipitate was dissolved in diexand
so dialyzed against dioxane for 2 days (MWCO 1000) teefowas
freeze dried to yield 50 mg of miktoarm star. SEBGAF, 1 g/L
LiBr, PMMA calibration): M, = 39500 g/molp,, = 1.19; SEC
(DMF, 1 g/L LiBr, universal calibration)l, = 42500 g/molPy,
= 1.49; MALDI-ToF MS (CHCA): M, = 63000 g/molby =
55 1.32; 64(400 MHz; CDC}; Me,Si): 4.15 - 4.0 (O-8,CH,-N,
PDMAEMA), 3.64 (s, PEO-H), 3.6-3.4 (PEGE R-Gi&
CHCH,OCH,CH;-O-R, m), 3.38 (3H, PEO-CH's), 3,30 (3H,
PEGE-CH, bs), 2.56 (O-CkCH,-N, PDMAEMA), 2.28 (-
N(CHs),, PDMAEMA), 2.1 - 1.7 (PDMAEMA backbone i),

45

9.410* mol; 1.7 mg HMTETA, 7.40° mol) was introduced to

columns had a length of 300 mm, diameter of 8 memtigle size
of 10 pum, and the nominal pore widths were 30, I@MO and
3000 A. Narrow-dispersed poly(methyl methacrylasamples

os (PSS, Mainz, Germany) were used for (universalpcation and
the software package PSS WinGPC Unity (PSS, Maingz,
Germany) was used for the evaluation.

Matrix-Assisted Laser Desorption/lonization Time-of-Hight
100 (MALDI-ToF) Mass Spectrometry

MALDI-TOF mass spectrometry was performed on a Bruke
ultrafleXtreme equipped with a 337 nm smartbeanerlas the
reflective and linear mode. THF solutions of tr@sf8-(4-tert-
105 butylophenyl)-2-methyl-2-propenylidene)]malononéri(DCTB)
(5 UL of 20 mg/ mL), sodium trifluoroacetate (0.4 pf 10 mg/
mL) and analyte (5 uL of 10 mg/ mL linear polymensgre
mixed and 0.5 pL thereof were applied on the samfate. For
miktoarm stars,a-cyano-4-hydroxycinnamic acid (CHCA) was
uo used as matrix (45 pL of 10 g/L in DMSO) mixed wjthlymer
solution in THF (5 pL of 10 g/Lj.This mixture was applied on a
sample plate and dried in vacuo (1 pL; measurerrefinear
mode). The spectra acquisition and spectra handives
performed with software Bruker Daltronics flexContrahd
us Bruker Daltronics flexAnalysis (both vers. 3.3), dnef the
spectra were exported to the program OriginProf@rCurther
analysis. For determination of the molar mass akthi by
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MALDI-ToF, the spectra were directly evaluated Ioyegration
in order to obtainM, and M,,. In case of overlapping peaks,
Gaussian fitting in the region abovel@® g/mol was performed
for the miktoarm stars, taking then the whole Gramss

s distribution above 0 g/mol for integration. In Grigthe spectra
were compared with simulated ones. The detailedguhare for
extraction of the arm number (/initiation site eiffincy) is
presented in the Results and Discussion section.
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