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Notes

Characterization of Poly(2-vinylpyridine) by Table 1. Molecular Characteristics of Five P2VP Samples
Temperature Gradient Interaction Chromatography SEC TGIC
" . M2 MuP My

Soojin Park and Taihyun Chang* samples  (kg/mol)  (kg/mol)  Mw/ML  (kg/mol)  My/MP

Department of Chemistry and Polymer Research Institute, PVP 10 9.5

Pohang Uniersity of Science and Technology, PVP 38 38.3 39.8 1.06 412 1.009

Pohang 790-784, Korea PVP 99 98.9 100 1.06 100 1.007
PVP 230 230 235 1.05 233 1.007

Receied February 13, 2006 PVP 488 488

Revised Manuscript Receed March 11, 2006 aMeasured by SEC-MALLS? Calculated by the calibration curve

. constructed from thé/, of five P2VPs.
Introduction

Recently, the polymers containing a pyridine moiety have polymers and P®-P2VPb-PS triblock copolymers according
attracted increasing attention for various applications in to the chemical composition at the IC regime by using an amine-
nanotechnology-® Because of the strong affinity of the amines bonded silica colum® The separation was done according to
to various ions and polar groups, the polymers containing a the composition only for the block copolymers of similar
pyridine moiety can make strong bonds with various metal ions molecular weight. This separation condition works for the block
or nanoparticles. Therefore, nanopatterned polymers containingcopolymers containing P2VP blocks, but it cannot be extended
a pyridyl group can be converted to the nanostructure of variousto separation of high-MW P2VP homopolymers due to the
materials. To obtain a nanostructure of polymers with a long- strong adsorption to the stationary phase.
range order, it is necessary to acquire a well-defined polymer |n this study, we employed temperature gradient interaction
of homogeneous molecular characteristics such as molecularchromatography (TGIC) to characterize high-MW homo-P2VP
weight and chemical composition. Poly(2-vinylpyridine) (P2VP) using a bare silica column. In TGIC, the column temperature
meets this requirement since 2-vinylpyridine can be polymerized is varied during the elution to control the solute retenfin.
by anionic polymerization which is able to yield polymers with  Anjonic polymerized homo-P2VP samples were successfully
narrow molecular weight distribution (MWD) and various block  separated by TGIC with much higher resolution than SEC.
copolymers.

Synthetic polymers are inherently heterogeneous in molecular Experimental Section

weight (MW), gnd.the precise characterlz_atlon is a prerequisite  the TGIC apparatus consists of a solvent delivery pump
for suph applications requiring WeII-deflngd polymers. Sl;e (Polymer Lab. LC 1150), a six-port sample injector (Rheodyne,
exclusion chromatography (SEC) coupled with various detection 7125) equipped with a 100L injection loop, a multiangle laser
methods has been the most widely used tool for the MWD light scattering detector (MALLS, Wyatt, miniDawn), a refractive
analyses of polymers’ However, SEC is sensitive to the index detector (Wyatt, Optilab), and a variable wavelength UV/vis
polymer chain size only and suffers from the relatively low absorption detector (TSP, Spectra 100) operating at a wavelength
resolution due to the band broadenfhigteraction chromatog- ~ 0f 260 nm. TGIC separation of P2VP homopolymer was carried
raphy (IC) shows a much higher resolution than SE€.IC out with three different columns: an amine-bonded silica column
has an additional advantage over SEC by its sensitivity to the (Lunasil: 150x 4.6 mm i.d., 100 A pore, gm particle size), a
chemical nature of the moleculési2 A number of successful ~ aio-Ponded silica column (Nucleosi, 100 4.6 mm i.d., 100 A

. . . pore, 7um particle size), and a bare silica column (Nucleosil, 100
IC separation according to MW have been reported for high- | "4 ¢ 1m i.d., 500 A pore, &m particle size). The mobile phase

MW homopolymers of polystyren®!? poly(methyl methacry-  \yas either a mixture of THF/G)N (Samchun, HPLC grade) or
late)!3 polyisoprené; and poly(ethylene oxide}. CH;OH/THF (Samchun, HPLC grade) depending on the column
The LC characterization of poly(vinylpyridine) is difficult  used. A small amount of LiCl (Sigma-Aldrich) oX,N,N',N'-
due to the strong adsorption of the amine group to the packing tetramethylethylenediamine (TMED, Aldrich) was added to the
materials. In the SEC separations, additives such as LiCl or mobile phases to reduce the peak tailing. Temperature of the
amines need to be added to the eluent to reduce the strongseparation column was controlled by circulating fluid from a
affinity of the pyridine moiety to the stationary phase. Schmitz programmable_bath/cwculator (Neslab, RTE-111) through a home-
et al. reported on the separation of poly(vinylpyridine) oligomers Made column jacket.

- . o f ) For the SEC separation, two mixed bed columns (PL-Gel Mixed
by gradient elution LC and supercritical fluid chromatogra C, 300x 7.5 mm i.d.) were used. The eluent was THF containing

phy 1617 However, the separation condition cannot be applied 2 'vol % TMED at a flow rate of 0.8 mL/mif°2. The absolute
to high-MW poly(vinylpyridine) since the polymer is insoluble  gjecular weight of P2VP samples were measured by light
in the eluent. Recently, Cho et al. successfully separatedscattering detection using a MALLS detector. Thedt value of
polystyreneb-poly(2-vinylpyridine) (PSk-P2VP) diblock co- P2VP sample in the eluent was measured as 0.181 L/g.
Anionic polymerized P2VP homopolymers were purchased from
*Corresponding author: e-mail tc@postech.aclkr;—'ﬂfaz-54_279-2109; the Scientific P0|ymer Products. The molecular characteristics
Fax +82-54-279-3399. determined by SEC are summarized in Table 1.
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Figure 1. SEC chromatograms of five P2VPs recorded with a light tR(n..-n)

scattering detector (dotted line) and a refractive index detector (solid
line). All P2VP samples show small peaks (marked with arrows), of Figure 2. TGIC chromatograms of five P2VP samples (top) and three
which MW is exactly twice the MW of the main peak. The peak separately injected samples. The calibration curve constructed from the
molecular weight ¥l;) is an absolute MW obtained from the light  peak position of five P2VP samples (Idd, vs tr) is shown in the
scattering detection, whilsl,, and Mw/M, were determined from the  plot. The temperature program is shown in the top abscissa. The
calibration curve constructed from the peak positions kipdf five molecular characteristics of three samples are shown in each TGIC
P2VPs. chromatogram of individual samples. Column: bare silica, £00.6

mm i.d., 500 A pore, Bim particle size. Eluent: C}¥OH/THF (86/14,

Results and Discussion viv, TMED 1 vol %) at a flow rate of 0.5 mL/min.

Figure 1 displays the SEC chromatograms of five P2VP an elution condition was found as @BIH/THF (92/8, v/v)
samples. The solid line and dotted line are the chromatogramscontaining LiCl (20 mM). The resolution of the P2VP samples
recorded by a refractive index detector and a MALLS detector, is better than the case of the amine column, but elution peaks
respectively. The top chromatogram is the overlap of the still show tailing and two high-MW samples are not fully
individual chromatograms. All P2VP samples show no notice- resolved??
able peak tailing, and the peak shapes are symmetric, indicating Such peak tailing problems of amine-containing materials are
that the adsorption of P2VP was suppressed well by addition commonly observed in the chromatographic separation using
of TMED to the mobile phase. For most of the samples, a small bonded stationary phase, and it is generally accepted due to the
peak (marked with an arrow) shows up earlier than the main strong interaction of the amine with the free silanol groups in
peak, of which MW is exactly twice the MW of the main peak. the stationary phasé.?®> To prevent the peak tailing in the
They are likely the coupled products formed in the anionic separation of poly(vinylpyridine), either soluble salts such as
polymerization of the P2VP samplé&sThe absolute molecular  LiCl or amine compounds are added to the eluent. TMED is a
weights at the elution peak positiokl) are determined from commonly used additive and works well in the SEC separation
the light scattering intensity and the refractive index detector using a styrene-based colurff??When 0.3 vol % TMED was
intensity. Weight-average molecular weight,{) and MWD added in place of LiCl for the TGIC separations described above,
(Mw/M,) of three P2VPs in the middle are calculated according all P2VP samples were eluted in the SEC regime. Apparently,
to the calibration curve constructed from the peak positions and the TMED reduces the interaction of P2VP too much for the
M, of five P2VPs. The molecular characteristics of the P2VP amine- or diol-bonded column. Since the retention is too
samples are summarized in Table 1. sensitive to the TMED content, no serious attempt was made

For the IC separation of polymers, a proper set of the to adjust the retention with the TMED content. Instead, we
stationary and mobile phase has to be found. Previously, Choemployed a more strongly interacting stationary phase, a bare
et al. successfully separated block copolymers of PS and P2VPsilica column. The TGIC separation condition was found at the
by TGIC using an amine-bonded silica column and THRCH  mobile phase composition of GBH/THF (86/14, v/v) contain-

CN (53/47, viv) eluent containing 5 mM LiCG#. Therefore, the ing 1 vol % TMED.

separation of homo-P2VP was attempted first using the same Figure 2 displays TGIC chromatograms of the five P2VP
column. All P2VP samples elute at the separation condition; samples (top) and the separate runs of three P2VP samples
however, the elution peaks show tailing which gets more serious (bottom three). The column temperature was varied in three
for high-MW P2VP, and the elution peaks of the high-MW linear ramps as shown in the upper abscissa of the plot. No
P2VP samples are not resolV&dlo find a better IC separation  serious peak tailing was observed, and all P2VP samples are
of P2VP, a diol-bonded silica column was also employed, and separated down to the baseline as shown in the top chror&zBQ/-
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gram. In the TGIC chromatograms of individual P2VP samples,
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Supporting Information Available: Results of TGIC separation

the small peaks seemingly due to the coupling of the P2VvP when different columns and mobile phases are used. This material
anions are clearly seen as indicated with arrows for the bottomis available free of charge via the Internet at http://pubs.acs.org.

two chromatograms. It is evident that the TGIC resolution is

far superior to the SEC resolution when the separations of the Réferences and Notes
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