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Communication: The ATRP (atom-transferadical poly-

merization) processwas used to synthesize C¢, end-
cappedolystyrene GPCdatademonstratethatfullerene
(Ce0) was chemicallybondedto polystyreneand Cso was
mostlikely monosubstitutedViatrix-assistedaserdesorp-
tion/ionization-time of flight (MALDI-T OF) massspec-
trometry (MS) analysis (with 1,8-dihydroxy-9(10H)-
anthracenone(dithranol)/silver trifluoroacetate as the

matrix) of this copolymerprovedthat Ce, was monosub-
stituted.
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Intr oduction

Polymeic Cg derivativesare highly intriguing in that
they have extraordirary propertes on conductng, mag
netic, photoctemicd, electrical>? and microtribologi-
cal® aspects.Various possililities? have beenrepoted
on the synthess of thesederivativesduring recentyeass.
However mary of the derivaives are crosslinled and
non-pracessabledue to multisubstitition. In order to
improve the procesability, it is necessar to obtain the
monostostitutedprodicts. So far, repots on monosusti-
tuted produds are basedon the reacton of functional
polyme's with Cg, for exanple, azido-teminated poly-
styrené? amino-teminated polystyrere® and TEM-
POL-terninated polystyrene (TEMPOL = 4-hydoxy-
2,2,66-tetramehylpiperidinyloxy).®

With theintrodudion anddevebpmentof atom+transfer
radicalpolymerization (ATRP)! this simpleandeffective
methodhasgaired increasimg interest.In this paper we
give an accountof the synthesisof Cgo end-cappd poly-
styrene(PSCeo) by ATRP. To determinethe structureof
thecopolymerwe usedMALDI- TOF MS, sinceit is afast
and simple technique for quaitative chain-em analyses.
Recenly, severalgroups reportedon the chamcterizaton
of polymeasby meanof MALD | MS 810

Experimental part

Materials

Styrene and toluene were distilled before use. Copper(l)
bromide (CuBr), fullerene (Ceo, 99.9 Wt.-%), 1-phenylethyl

bromide (1-PEBY), 2,2-bipyridine (bpy) were used as re-
ceived.

Synthesi®f bromo-terminategbolystyene

Thepolymerizationwascarriedout accordingto a procedure
reportedby Wang!” A reddishbrown mixture of styrene,1-

PEBr, CuBr (1 molar equiv. relativeto 1-PEBr),andbpy (1

molar equiv relativeto CuBr) wasdegassedh a glasstube
by severalfreeze-thawcyclesundervacuum,thenthe tube
was sealedoff andimmersedin an oil bathat 110°C. After

8 h reactiontime, the solution was very sticky. It was dis-

solvedin trichloromethangCHCI;) andfiltered. Under stir-

ring, the solution was added dropwise into an excessof

methanol.The polymerswere isolatedby filtration, washed
with methanol,and dried. The data of the polymerization
were summarizedn Tab.1, andthe generalsyntheticroute
is shownin Schemel.

Tab.1. GPCanalysisof polystyrenesynthesizedby ATRP.

Sample Reaction M, My, PD Convasion
timeinh in%
PSA 20 2060 2980 1.45 64.9
PS-II 20 2550 3580 1.40 84.5

Synthesi®f Cso end-cappegbolystyene

The reactionwas carried out by mixing bromo-terminated
polystyrene,fullerene (Cs), CuBr and bpy in a glasstube
with toluene.An excesf Cq wasusedaccordingto Weis®!
In all reactionsa ratio of 1.5:1 Cg/bromo-terminategoly-
mer was used. The solution was degassecdy freeze-thaw
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Schemel.
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Scheme2.

Tab.2. GPCanalysisof Cs-polystyrenesynthesizedy ATRP

Sample Reaction M, M PD
timein h

PS-Go(l) 20 2960 3890 1.31

PS-G(ll) 20 3340 4400 1.32

PS-lkontrol 20 2340 3680 1.57

cyclesundervacuum.The tubewassealedoff andimmersed
in anoil bathat 110°C for 12 h. A control sampleusingPS-
Il was preparedunderthe sameconditions.After filtration,

the solutionwasaddeddropwiseinto an excesf methanol
understirring. The resultingprecipitatewasdissolvedin tet-
rahydrofuran(THF) to removeunreactedCs, and THF was
thenremovedby rotary evaporation.The so obtainedcrude
polymer consistsof a mixture of polystyreneand Cs-poly-

styrene. Thin layer chromatography(silica) was used to

separateCso-polystyrene from polystyrene; a mixture of

toluene,tetrachloromethanand aceticacid (1:1:0.25) was
usedasthe eluent.Cg-polystyrenewasreceivedasa brown
powderwith ayield of 35—37%. The dataof the reactionare
summarizedin Tab.2, and the general synthetic route is

shownin Scheme.

Gel permeatiorchromatography(GPC)

GPC was performedusing a Waters apparatuswvorking at
35°C with stabilizedtetrahydrofuran(THF) asthe eluentata
flow rate of 1 ml - min™, equippedwith three Styragelcol-

umns(HT2, HT3, HT4), and with polystyreneas standard.

Differential refractiveindex detectorand UV detectorwere
usedrespectively
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MALDI-TOF massspectometry

MALDI-T OF MS was performedusing a Bruker time-of-
flight massspectrometerThe instrumentwasequippedwith
nitrogenlaser(337 nm), delayedextractionand reflector It
was operatedat an acceleratingpotential of 20 kV in linear
mode. The MALDI massspectrarepresentaveragesover
100 consecutivdasershots(3 Hz repetitionrate). The sam-
ples(10 mg/ml), dithranolmatrices(20 mg/ml) andsilver tri-
fluoroacetatesolution (10 mg/ml) wereall preparedn THF.
The ratio of the sampleto matriceandsilver trifluoroacetate
is10:10:1. A 2 ul portionof thefinal solutionwasdeposited
onto the sampletarget and allowedto dry at room tempera-
tureandambientatmosphes.

Resultsand discussion

All samplesweredissolvedin THF giving goldenbrown
soluions. According to Weid® and Wang!® we usedthe
GPCequippedwith a UV detector at 350 nm to denon-
strae that Ceo and polystyrere are chenically borded
becawse polystyrene can be deteded only at 254 nm,
while PS-G, copolymercan be detectel at wavelengths
ranging from 300 to 350 nm. Fig.1 shows the GPC
resuts utilizing the UV detectorIn contrastto the control
sample from PS-Il, it becomeslearthat Cso andpolysty
rere arechenically bonded Compamg Tab.1 andTab.2
reveals that the molecular weights of Cg, end-cajped
polystyrene[PS-Gy(l, I)] arejust similar to their bromo-
temminated precursors[PSH, 1l]:  each one increasedin
abaut 1000 in molecular weight. This mears that most
likely one bromo-termimated polystyrene molecue




M :
LTI b Comninmeabine (|

X. ShenX. He,G. Chen,P. Zhou,L. Huang

0.015

0.0101

Absorbance (mv)

0.005

T =

0.000

T T T T T T T

0 § 10 15 20 25 30
Elution time (min.)

Fig.1. GPCecurvesof PS-G(l,1l) andcontrol PS-Il measired
with a UV detectorat 350 nm (A: PS-G(l), B: PS-G(ll), C:
control PS-II).

reactel with one Cso molecue resultirg in monostuosti-
tuted Ceo.

With respet to MALD I-TOF studes, it was repoted
by Charle® thatno polymer hasa single,narrowmolar
mass distribution, although MALDI- TOF mass spectra
shouldgive resultssimilar to those by means of GPC.In
orderto comparewith Cep-polystyrene,sampes of mix-
tures of polystyrere [PS-(I,11)] and powdeed Cg were
studiedusingMALDI- TOF It is shownin Fig. 2 that Cs
canbeobviously observedat m/z= 720,andwe attributed
two principle ion seies of polystyrenewhich canbe dis-
tinguiskedandassignd as:

[ @-CH—(sty)ﬁ- CH=CH +Agt]
bis ©

series A

[ @—cxi—(sty)r-l-cm—o_—cm +Agt]
tns
series B

Interestingly, no polymer with bromo end group was
deteced. It may be probable that the covdent bromo-
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Fig.2. MALDI-TOF massspedra obtainedwith dithranol/sit
ver trifluoroacetde matrix for polystyrene sampés PS-I,I
mixedwith Cso.

linkage waseasly broken in the processof analysis. No
bromoendgroupcould be detecte with the dithranolsil-
ver trifluoroaceaate matrix.

MALD I-TOF spectraof the Cgo-polystyrene sanples
presentedn Tab.2 areshown in Fig. 3. With the structure
of series B andthe existenceof methyl group fragments
in the high laserenengy field, we tenatively attribute that
the bromo-erminatedpolystyrene subsegently reaced
with Cg underrearrangementof —CHj; to the thermody
namically moststabk isomer The principle ion series of
Ceo-polystyrenecanbedistinguishedandassignedas:
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Fig.3. MALDI -TOF massspedra obtainedwith dithranol/sit
ver trifluoroacetate matrix for Cs-polystyrene samples PS-
Coo(l,11).

Onefurther seriesis evidentbut hasnot beenassigned
yet. Still the bromo end group can not be detected this
way. But from the MALDI data,we canbe surethat Cqo
wasmonosubstitutegincethe dataarein agreemen with
eachother Tab.3. shows the corespondingmassedor
thethreeseriesA, B andC.

Tab.3. MALDI-TOF experimental molar massesof Ag*-
ionizedsamplegdithranol/silve trifluoroacetatematrix).

Observedmasses Identified Sanplesincluding

series theseries
1358,1462,1566... seriesA PSH, PS-II
1373,1477,1581... seriesB PSH, PS-II
2302,2406,2510... seriesC PSCeo(l), PS-G(Il)
Conclusion

Ceo end-capedpolystyrenewas succestilly syntheszed
by the ATRP method. MALD I-TOF massspectometry
chalcterizaton of the sampes with dithranofsilver tri-
fluoroacetateas the matrix demonstrats that Cs, was
monosubstitited. However the mechaism of the frag-
mertation needgurtherresearch.
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