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In complex polymer systems such as polymer blends, function-
alized polymers, and block copolymers, the development of analysis “  HPLCcolumn| P8 (s) 1
and purification techniques to separate polymers in terms of 8/5: gk’ - IC for PI gla l 8&,
chemical heterogeneity is imperativénteraction chromatography ESENONES P
(IC), wherein chromatographic separation depends on the enthalpic | © o5 ) Elution time
adsorption of polymers instead of entropic exclusion, is an effective e before . o
tool for this purpose and offers chromatographic separation with ~ 5F — . 1 ™[ CCbefore
respect to the chemical entity difference. Because the prevalent size .| 1 et
exclusion chromatography (SEC) technigjirdnges on hydrody- : 3.l
namic volume differences for its chromatographic separation, itis £ **f 1
inherently insensitive to polymer separations based on differences<" ,,| 1 o}
in chemical composition and functionality. In this study, we report :
that the IC technique is complementary and even superior to SEC
for rigorousanalysisof chemically heterogeneous copolymers such Y] I T s
as block copolymers. C 0 Rtentmtmn Elution time, min

Another advantage of the IC technique is that it enaiitesiprep- Figure 1. (a) TGIC and (b) SEC profiles of RP&PI diblock copolymers

scale separatioinf block copolymers. Because it is very challenging  pefore and after the homopolymer PS removal. A fraction of the SEC signals
to synthesize block copolymers free of homopolymer precursor, was increased 10-fold (“x 10”) in (b) to highlight the SEC profile change

and because compositional broadening can also occur during abefore and after the PS removal.
sequential living polymerization, a chromatographic posttreatment
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]

technique is desirable for obtaining well-defined block copolymer @ C18 cobma ({om m:n._n_, ' ' ' ' ”
samples that are homopolymer-free and compositionally narrower CH,CI,/CH CN = 74126 (viv) r' a o
than the as-synthesized ones. For semiprep-scale separation, we Flow rate: 1.2 mL/min ' °
have developed a chromatographic “filtering” technique, instead il . 1%
of solely relying on the retention time difference for the HPLC ~  [~==-7=m===- S g 1o
separation. By adapting the affinity chromatography technique, g 00
developed a total adsorptieidesorption interaction chromatography I PS (32k)
(TADIC) strategy, in which the HPLC columns are essentially S0 i Sl I T 1010
utilized as chromatographic filters. We employed a multiple- 8 injctions (14 mg each)
injection scheme during TADIC to monitor polymer accumulation -0.04 L L 1 L L L L
in the HPLC column. TADIC is very similar to affinity chroma- con SOE]miﬁm m::‘m pe e e
tography; the only difference could be the adsorption speciffcity. (b) T T . 7 T 80
Because affinity chromatography utilizes specific binding between %‘Fﬁiﬁt’;":&ﬁ“&oﬂiﬂ’:ﬁm"“" r— _______________
bioanalytes and immobilized ligands, specialized columns have to Flowrate: 1Smbimin . 4 40 :
be used for specific separations. On the contrary, our TADIC ‘,f' b b PMMA
technique for block copolymer separation simply utilizes “conven- P N ’ (43K-23k) i
tional” HPLC columns such as bare silica or C18-modified silica 5
columns. Because TADIC employs readily available HPLC col- “‘.E o L
umns, it could rapidly and broadly affect the separation efforts of 2
chemically heterogeneous copolymers. <
. o bbb

We chose the AB diblock copolymer system to demonstrate the 10 injections (14 mg each)
unique capability of IC analysis (Figure 1) and TADIC separation o I s 3w e o 30
(Figure 2). Though many synthetic efforts have been developed to Elution time, min

minimize homopolymer A “contamination” and polydispersity in  Figure 2. TADIC profiles with multiple injections showing the separation
block copolymers, precursor contamination, in particular, is almost ngPI\/SII\/FIJAr\eilU:SrEErZSSfIIo?belis-iymhesllzed ()P (32k-31k) and (b) PS
inevitable during the synthesis of block copolymers with complex ( ) diblock copolymers.

Cha"? .a.rchitecture‘s.Figure L highlights the supe.rior analyt.ical the IC and SEC profiles before and after the PS homopolymer
sensitivity of the IC mode over SEC in the analysis of chemically removal for an as-synthesized BS?I (32k—31k) diblock copoly-

heterogeneous copolymers such as block copolymers. It contrastsmer, which contains 6 wt % PS (32k). The homopolymer PS was

t POSTECH. removed by the TADIC technique (Figure 2a). A C18 HPLC
Rensselaer Polytechnic Institute. column with CHCI,/CH;CN = 74/26 (v/v) was employédfor
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temperature gradient IC (TGIC) experiments, where the column ! T T T T ——
was maintained at 5C for 20 min and then heated to 6Q at 1 Flowmie = 13 mlmin
°C/min. Distinctive chromatographic separation of the homo-PS
and the P3-Pl was possible, because the Pl-adsorbing IC
conditions caused the elution of PS before the solvent peak, whereas ——
PSb-PI elution occurred after the solvent peak (Figure 1a). On P 1#%"51}:&-
the contrary, SEC analysis in THF before and after PS removal " oal /\ g L "
gave the same polydispersity index (PDI) of 1.02 and the ho- g F2 e |
mopolymer removal effect only appeared as a slight decrease in < N ™\ LE 4 |
the lower molecular weight shoulders of the SEC profile (Figure =T = s| ¥s v |
1b). Thus, SEC is a poor choice for block copolymer analysis, since SN 02 0% 03 0% o4
it separates polymer chains only according to their hydrodynamic L TN
size. Bare silica (100 * 22 mm), THF fiso-octane = 65/35 (v/v), 55°C
TADIC was employed for separating the PS homopolymer . 0 % @ w w
precursors from as-synthesized (a)-BBl and (b) PS-PMMA Elution time, min

diblock copolymers, and their profiles with multiple injections are  £jgyre 3. Isothermal HPLC profiles of (a) as-synthesized diblock
shown in Figure 2. With a semiprep column (#22 mm), viscous copolymers and (b) five fractions of RSPMMA diblock copolymers,
solutions (140 mg/mL) could be injected (injection volumel00 which were taken from the isothermal elution shown in a. Figure inset
ul) without developing a significant pressure increase in the displays the PMMA composition of each fraction from NMR.

column, and we were able to achievel00 mg-scale separation  retention time in the fractions also correlates with an increase in
within a few ho_urs. Selective gccumulatlon of the diblock copoly- o PMMA content of the P8-PMMA fractions.

mers was achieved by keeping the column temperature low to
induce the total adsorption of the “second” block (Pl or PMMA)
during multiple injections. As the PS homopolymers have little

In conclusion, we find that the IC technique can be (i) superior
to the prevalent SEC method for analyzing chemically heteroge-
. - i ; neous copolymers such as block copolymers and (ii) useful for
enthalpic affinity with the column surface for the given HPLC  1yaining block copolymers that are homopolymer-free and com-
conditions, they will be eluted from the column and appear as ionally narrower than the as-synthesized ones. We showed that
multiple peaks during succesive _|nject|ons. In fact, th_e PS elution homopolymer precursors in block copolymer systems are not easily
follows the chromatographic elution by SEC mechanism, because jeyified by SEC, and IC should be employed for rigorous analysis
the PS homopolymers are eluted from the column before the solventof block copolymers. The HPLC fractionation technique also

in the injected solution (*S™ in Figures 1 and 2). The multiple-  yomangtrated that several diblock copolymers of narrow composi-
injection scheme was pa_trnc_ularly useful in momtonng _the block tions could be obtained without extra synthetic efforts.
copolymer accumulation in situ. If more samples were injected than
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increased, the adsorbed blocks started to lose their strong bindingand G. Viswanathan for their critical reading of this manuscript.
in the column and a Ialtge peak was observed, indicating the elution Supporting Information Available: Experimental descriptions on

of homopolym_er—free dlk_)lock_ c_opqumers. These result_s demonstratesyn,[hesis and HPLC of the block copolymers and NMR data of
that TADIC with a multiple-injection scheme can easily be scaled  ¢actionated P$-PMMA diblock copolymers (PDF). This material is

up with a semiprep column for efficient and high-purity recovery  gygilaple free of charge via the Internet at http:/pubs.acs.org.
of diblock copolymers. This technique could be also applied in

general to remove remnants of polymer precursors in any chemically References
heterogeneous copolymer.
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