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Abstract

Block copolymers of ethylene oxide (EO) and propylene oxide (PO) are characterized by liquid chromatography under critical conditions

(LCCC) for EO on a Diol column in acetone water 78:12 (w/w) and for PO on a poly(divinyl benzene) column in acetone water 92:8 (w/w) or

on a silica based poly(ethylene glycol) phase in 45:55 (w/w). Under these conditions, the other (non-critical) block elutes in exclusion mode,

which allows an independent determination of the molar mass distribution of the individual blocks. These systems allow also the

identification of homopolymers. The results thus obtained are compared to those from size exclusion chromatography (SEC) with coupled

density and refractive index (RI) detection, which allows the determination of the entire MMD and the chemical composition along the

MMD.

q 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Amphiphilic polymers contain chemically different

blocks with different solubility or affinity towards other

solids or liquids. Consequently, they exhibit surface activity

and will be enriched at the interface between immiscible

phases (which may be solid, liquid, or gaseous). Typically,

the hydrophilic blocks consist of poly(ethylene oxide),

while the hydrophobic blocks may be poly(propylene

oxide), poly(tetrahydrofuran), a polyester such as poly(lac-

tide, glycolide, caprolactone), etc.

Block copolymers of ethylene oxide and propylene oxide

are in widespread use as synthetic lubricants, as emulsifiers,

as defoaming agents, and in various other applications,

which utilize their amphiphilic nature: The EO block is

hydrophilic, and the PO block hydrophobic.

Especially important are EO–PO–EO triblocks, which

are often called poloxamers (the corresponding brand names

are Pluronics or Synperonics). These products are produced

by ethoxylation of polypropylene glycol (PPG), while
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PO–EO–PO triblocks are prepared by propoxylation of

polyethylene glycol (PEG).

The desired triblocks can only be formed, if the

alkoxylation proceeds on both ends of the starting material.

PEG contains two primary OH groups, which may react

with the same probability and rate. PPG can also contain

secondary OH groups, which react more slowly, and allyl

end groups, which do not react at all. These allyl end groups

can be present already in the starting material, but may also

be formed during the alkoxylation by hydrogen abstraction

from the methyl group of the growing PO chain end, which

is thus terminated [1]. Consequently, chain transfer may

result in different side products: Homopolymers and

diblocks.

In general, EO–PO-diblocks have quite different proper-

ties than EO–PO–EO or PO–EO–PO triblocks. They show

different micellization behavior [1–6] and a different

influence on protein adsorption [7]. Similar differences

exist also in other amphiphilic block copolymers, as has

been shown experimentally [8,9] and by Monte Carlo

simulations [10].

The specification given by the producers are generally

very limited: the overall molar mass and the overall

composition (the average EO content), which are typically

calculated from the monomer conversion in the synthesis.
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Other products are specified by the average number of EO

and PO units, or by the average molar mass of the center

block and the percentage of the monomer constituting the

arms. All of these parameters are typically obtained just as

above.

This information is, however, by far not sufficient: The

properties of these products are strongly influenced by the

distributions of molar mass, functionality, chemical com-

position, architecture, and content of homopolymers and

diblocks.

Hence, a discrimination of polymers with different

architecture (e.g. di- and triblock structures) would be

highly important.

The producer, who knows the molar mass distribution of

the starting material (PEG or PPG), will mainly be

interested in the content of impurities (homopolymer and

diblocks), and in the length of the arms he has added to the

center block. The customer, however, must just rely on the

information given by the producer, as it is difficult to obtain

the desired information by the usual analytical techniques.

Consequently, there is a strong need for reliable

analytical methods, which allow a full characterization of

such products, i.e. an independent determination of the

distributions mentioned above. Typically, a two-dimen-

sional separation will be required, in which each dimension

separates according to different criteria.

The nature of these separations can be chromatography

(liquid or supercritical fluid chromatography) or mass

spectrometry (especially MALDI-TOF-MS), and combi-

nations of these techniques. Obviously, the first dimension

will always be a chromatographic separation.

The goal of this paper was the development of a method,

which should allow a determination of homopolymers in

EO–PO block copolymers, and yield information on the

molar mass distribution of the individual blocks.
2. Strategies in the separation of block copolymers

Functional polymers and oligomers can be characterized

using different chromatographic techniques, which separate

according to different criteria. The type of chromatographic

separation is determined by the so-called interaction

parameter c, which describes the interaction of a structural

unit with the stationary phase [11]. This parameter is

negative in size exclusion chromatography (SEC) and

positive in liquid adsorption chromatography (LAC). At

the critical adsorption point (CAP) the interaction parameter

equals zero, and the corresponding block becomes

‘chromatographically invisible’ [12–15]. This effect is

utilized in liquid chromatography under critical conditions

(LCCC), which allows a separation of polymer homologous

series according to their functionality [16–19].

In the case of amphiphilic polymers the interaction

parameters cA and cB of the individual structural units
(A and B) may assume different values. Hence, the

following options exist:

If both cA and cB are negative, the molar mass

distribution (MMD) can be determined by size exclusion

chromatography (SEC), with retention decreasing with

increasing molar mass, and only a minor influence of

chemical composition. With dual detection, the chemical

composition along the peak can be obtained [20–22].

If both cA and cB are positive, a separation by LAC (with

retention increasing exponentially with the number of repeat

units) can be achieved, if one of the blocks is monodisperse.

If, however, both blocks are polydisperse and cAscB,

several superimposed series of peaks will be observed,

which can hardly be resolved.

If one of the parameters is positive and the other one

negative, each polymer homologous series will elute in SEC

order, but far behind the void volume of the column. This

mechanism, which is called liquid exclusion-adsorption

chromatography (LEAC) [23,24], can be utilized in the

separation of monofunctional oligomers with a monodis-

perse adsorbing block or end group.

If one of the interaction parameters (cA or cB) equals

zero, the corresponding block becomes ‘chromatographi-

cally invisible’, and a separation according to the other

block can be achieved (liquid chromatography under critical

conditions: LCCC). Depending of the corresponding

interaction parameter, this separation may follow a SEC

[25–28] or LAC [29–31] mechanism.

The situation becomes more complicated in the case of

triblock copolymers: At the CAP for A, the triblock A–B–A

behaves just like the diblock A–B; the B–A–B triblock,

however, shows a completely different pattern. Even under

critical conditions for the center block (A), a separation

according to its size will be observed, as long as A is rather

short. For higher polymers, the difference between A–B–A

and B–A–B structures may be rather small, but should not

be neglected [32–37]. In some cases, these differences may

be sufficient to allow a discrimination of polymers with

different architecture.

Applied to the characterization of poloxamers, there are

different strategies, depending on their architecture, molar

mass and chemical composition.

SEC yields the overall molar mass distribution (MMD);

with dual detection one may obtain information on the

chemical composition along the MMD [22,38,39]. SEC is,

however, not capable of discriminating mixture of diblocks,

triblocks, and homopolymers!

At the CAP for the EO unit, a separation according to the

PO block(s) may be achieved by a SEC or a LAC

mechanism, and vice versa.

A schematic representation is given in Table 1, which

summarizes the (theoretically) possible situations in LCCC

of EO–PO copolymers.

On many reversed phase columns, critical conditions for

the (more polar) EO block have been found in aqueous

methanol, acetone, or acetonitrile. In such a system, the less



Table 1

Possible situation in liquid chromatography of EO–PO block copolymers

Situation Column Mobile

phase

polarity

EO PO

1 RP High LCCC LAC

2 RP Low SEC LCCC

3 NP High LCCC SEC

4 NP Low LAC LCCC
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polar PO block elutes in LAC mode. Such conditions (which

correspond to situation 1 in Table 1) have been described by

several authors [29–31,40].

This approach is not very favorable, if the molar mass of

the PO block is high, as molecules with a long PO block

may be strongly retained. This problem cannot be solved by

gradient elution (regardless the nature of the gradient:

Mobile phase composition or temperature [34]): In both

cases the critical conditions would be lost.

One may, however, also find critical conditions for the

PO unit on a RP column in a different mobile phase

composition (with a higher content of organic solvent): In

this case EO will elute in SEC mode.

The opposite may happen on normal phase columns: at

the CAP for the EO unit, PO will elute in SEC mode, while

EO will elute in LAC mode at the CAP for PO (if such

critical points can be found).

For the typical molar mass range of poloxamers,

situations 1 and 4 are not very favorable, as the retention

of the adsorbing block may be too high (or the resolution not

sufficient).

A separation of the non-critical blocks by SEC would

allow not only the determination of their MMD, but also

show the presence of homopolymers, as they should be

separated from the block copolymers. This could be

achieved, if conditions corresponding to situations 2 and 3

could be realized.
3. Experimental

These investigations were performed using the density

detection system DDS70 (CHROMTECH, Graz, Austria).

Data acquisition and processing was performed using the

software package CHROMA, which has been developed for

the DDS70.

The columns and density cells were placed in a

thermostatted box, in which a temperature of 25.0 8C was

maintained for all measurements on both systems (A and B).

In system A, the mobile phase was delivered by a JASCO

880 PU pump (Japan Spectrosopic Company, Tokyo, Japan)

at a flow rate of 0.5 ml/min.

Samples were injected manually using a Rheodyne 7125

injection valve (Rheodyne, Cotati, CA, USA) equipped with

a 50 ml loop.
A Bischoff 8110 refractive index (RI) detector (Bischoff,

Leonberg, Germany) was connected to the DDS 70.

Columns were connected to two column selection valves

(Rheodyne 7060).

In system B, the mobile phase was delivered by an ISCO

2350 HPLC pump and an ISCO 2360 gradient programmer

(from ISCO, Lincoln, NE, USA) at a flow rate of

0.5 ml/min. Samples were injected using an autosampler

Spark SPH 125 Fix (from Spark Holland, Emmen, The

Netherlands) equipped with a 20 ml loop.

A SEDEX 45 ELSD (Sedere, France) was connected to

the DDS 70. Nitrogen was used as carrier gas, and the

pressure at the nebulizer was set to 1.0 bar. Evaporator

temperature: 30 8C.

The following columns were used in both systems:

† Jordi Gel DVB 500 RP: 100% poly(divinylbenzene);

250!4.6 mm; particle diameterZ5 mm; nominal pore

sizeZ500 Å, (Jordi, Bellingham, MA, USA).

† Discovery HS-PEG, silica-based PEG phase; 250!
4.6 mm; particle diameterZ5 mm; nominal pore sizeZ
120 Å (Supelco, Bellefonte, PA, USA).

† Nucleosil 100-5 OH 5 mm, silica-based Diol phase;

250!4.6 mm; particle diameter: 5 mm; nominal pore

sizeZ100 Å (Macherey-Nagel, Dueren, Germany).

SEC measurements were performed on a modular SEC

system comprising of a Gynkotek 300C pump equipped

with a VICI injector (sample loop 100 ml), two column

selection valves Rheodyne 7060, a density detection system

DDS 70 (Chromtech, Graz, Austria) coupled with an ERC

7512 RI detector. Data acquisition and processing was

performed using the software CHROMA. All SEC

measurements were performed on a Styragel HR3 column

(300!7.8 mm, waters) or a set of two columns PLgel

(10 mm), 103C104 Å, 300!7.8 mm each (Agilent) at a

flow-rate of 1.00 ml/min and a column temperature of

30.0 8C. Sample concentrations were 3.0–10.0 g/l.

The solvents (chloroform, acetone and water, both HPLC

grade) were purchased from Roth (Karlsruhe, Germany) and

Merck (Darmstadt, Germany).

Mobile phases were mixed by mass and vacuum

degassed, their composition was controlled by density

measurement using a DMA 60 density meter equipped with

a measuring cell DMA 602 M (A. Paar, Graz, Austria).

PEG and PPG samples were purchased from Sigma-

Aldrich and FLUKA (Buchs, Switzerland), EO–PO block

copolymers from Sigma-Aldrich, BASF and SERVA. Several

polymer samples were also provided by Dr W. Kolb AG

(Hedingen, Switzerland) and by ‘Blachownia’ Institute of

Heavy Organic Synthesis, (Kędzierzyn-Koźle, Poland).

An overview of the copolymer samples used in this study

is given in Tables 2 and 3. The parameters specified by the

producers (from which the others were calculated) are

printed in bold. All samples used in this study are specified

as triblock copolymers.



Table 3

Specifications of PO–EO–PO triblock copolymers given by the producers (specified parameters: bold)

Producer Sample name nEO M(EO) EO (%) nPO M(PO) M(ges)

Aldrich PO–EO–PO 3300 10% 8 330 10 51 2970 3300

Aldrich PO–EO–PO 2700 40% 25 1080 40 28 1620 2700

Table 2

Specifications of EO–PO–EO triblock copolymers given by the producers (specified parameters: bold)

Producer Sample name nEO M(EO) EO (%) nPO M(PO) M(ges)

KOLB Imbentin-PAP/6100 4.4 194 10 30.2 1750 1944

KOLB Imbentin-PAP/6200 9.9 438 20 30.2 1750 2188

KOLB Imbentin-PAP/6800 G 159.1 7000 80 30.2 1750 8750

KOLB Imbentin-PA P/10200 18.5 813 20 56.0 3250 4063

BASF Pluronic F 68 160 7,040 82 27 1566 8606

BASF Pluronic F 108 282 12,408 83 44 2552 14,960

Serva Synperonic F 68 159 7000 80 30 1750 8750

Serva Synperonic F 108 295 13,000 80 56 3250 16,250

Aldrich EO–PO–EO 1100 10% 3 110 10 17 990 1100

Aldrich EO–PO–EO 1900 50% 22 950 50 16 950 1900

Aldrich EO–PO–EO 4400 30% 30 1320 30 53 3080 4400
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4. Results and discussion

The first step in these investigations was the search for

critical conditions for the individual monomer units. In the

literature, there are numerous papers on critical conditions

for the EO unit: most of them use C18 columns, on which a

critical adsorption point (CAP) for EO is observed (typically

at 25 8C) in methanol–water (80–90%) [31,41], aceto-

nitrile–water (35–45%) [29,30,42,43], and acetone–water

(25–30%) [33,35]. On CN columns, critical conditions for

EO have been reported in methanol–water (85%) [31] or

44% at 50 8C [31]), acetonitrile–water (28%) [43], and

dimethoxyethane–water (21.5%) [43].
Fig. 1. Elution volumes of PEG and PPG with different molar mass on the Jordi
In all of these systems, PO will elute in LAC mode.

As we have shown previously [33,35], a second CAP for

EO exists on all silica-based C18 (and C6) columns at high

acetone content (90–95%). This can be explained by

beginning interaction of the polar EO unit with residual

silanol groups in the stationary phase (It must be mentioned,

that PEG can be separated by LAC on plain silica at high

acetone content). The same conditions (C18, about 90%

acetone) are also quite close to a CAP for PO.

On polymer-based RP columns, which do not contain

silanol groups, EO still elutes in SEC mode under these

conditions [35]. This could be shown for the Jordi column,

which consists of 100% poly(divinyl benzene). On this
column in aceton–water mobile phases of different composition (in wt%).



Fig. 2. Chromatograms of PEGs, PPGs, and water, as obtained on the Jordi column in 92.42 wt% acetone (CAP for PO). Detection: RI.
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column, a CAP for PO is found at about 90% acetone, as can

be seen in Fig. 1.

At a composition close to the CAP for PO, the EO unit

clearly elutes in SEC mode, as is shown in Fig. 2. All PEGs

elute in SEC mode, only the lower ones merge with the

solvent peak, which is due to the fact, that this column has a

rather large pore diameter.

Surprisingly, all PPGs elute considerably behind the

solvent peak! Obviously, the available pore volume is larger

for PPG than for water. This agrees with other findings,

which shall be published in another paper. This behaviour is
Fig. 3. Chromatograms of PPGs, water, and several poloxamers, as obt
rather favorable: It can be utilized to separate poloxamers

with sufficiently large EO blocks from PPG, as is shown in

Fig. 3.

Due to the large pore diameter, this column has only a

poor selectivity for EO in lower molar mass range.

Therefore, we looked for another column with similar

properties.

As can be seen in Fig. 4, a CAP for PO was found on the

Discovery HS-PEG column (a silica-based phase with

attached PEG chains) in acetone–water with about 45%

(w/w) acetone. Under these conditions EO elutes in SEC
ained on the Jordi column in 92.42 wt% acetone. Detection: RI.



Fig. 4. Elution volumes of PEG and PPG with different molar mass on the HS-PEG column in acetone–water mobile phases of different composition (in wt%).
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mode. This becomes also clear from Fig. 5, which shows an

overlay of several chromatograms of PEGs and PPGs with

different molar mass and water. As can be seen, the PPGs

elute roughly at the void volume, as the water peak almost

coincides with the PPG peaks.

On this column, the resolution on the low molecular

range is somewhat better than on the Jordi column. On the

other hand, higher PPGs are no more soluble in a mobile

phase composition like that corresponding to the CAP on

the HS-PEG column.
Fig. 5. Chromatograms of PEGs and PPGs, as obtained on the Discovery HS-PEG c
Consequently, the Jordi column will perform better for

samples with longer PO blocks, while the HS-PEG column

is suitable for the analysis of samples with shorter PO

blocks.

In Fig. 6 several chromatograms of EO–PO block

copolymers are shown, which elute at the same positions

as the PEGs with corresponding molar mass (The shoulder

in the Imbentin and Synperonic sample may be due to the

diblock copolymer or a bimodal MMD of the PPG used as

starting material).
olumn in 45.58 wt% acetone. Detection: RI (water peak with opposite sign).



Fig. 6. Chromatograms of several poloxamers and PPG 1000, as obtained on the Discovery HS-PEG column in 44.52 wt% acetone. Detection: RI.
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Consequently, these conditions can be utilized in the

determination of the MMD of the EO blocks, as will be

shown later on.

Moreover, the presence of the homopolymer PPG can be

shown by this technique. With RI detection, this is not easily

achieved: A peak at the void volume (where PPG will elute)

may as well be a solvent peak, which results from

preferential solvation of the copolymer. Hence, the RI

detector was replaced by an ELSD. Even though the peaks

are considerably broader with the ELSD, it becomes clear
Fig. 7. Chromatograms of several poloxamers and PPG 1000, as obtained on t
from Fig. 7, that the poloxamers do not contain PPG. Only

the PO–EO–PO copolymer reaches into the region, where

PPG would elute. As will be shown later on, this sample

really contains traces of PPG (Fig. 15).

There remained still the question, whether it would be

possible to find a system corresponding to situation 3 in

Table 1: CAP for EO and SEC for PO. Obviously, this

would require a normal phase column.

In the literature, critical conditions for EO have been

reported on amino-modified silica in methanol–water (86%)
he Discovery HS-PEG column in 44.52 wt% acetone. Detection: ELSD.



Fig. 8. Elution volumes of PEG and PPG with different molar mass on the Diol column in aceton–water mobile phases of different composition (in wt%).
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[31], acetonitrile–water (31.8%) [43], and dimethoxyethane–

water (18.5%) [43]. No information was, however, given

about the elution behaviour of PO in these phases.

The desired conditions were now found on a Diol phase

in acetone–water with about 80 wt% aetone (Fig. 8): A CAP

for EO exists at 78.54% (w/w) acetone.

As can be seen in Fig. 9, PPGs elute in SEC mode, and

the peaks of all PEGs (from 400 to 12000) coincide

precisely. Again the peak of the ‘critical component’ elutes

considerably behind the solvent peak!
Fig. 9. Chromatograms of various PEGs and PPGs, as ob
These conditions allow a separation of poloxamers

according to the length of the PO blocks, and show also

the presence of PEG in a sample. The samples shown in

Fig. 10 (which should have a center block of PO with a

similar length) show quite similar chromatograms, but

contain obviously traces of PEG.

This can be proven by SEC with dual detection, which

yields not only the overall MMD, but also the chemical

composition along the peak [20–22]. As can be seen in

Fig. 11, there is indeed a lower molecular shoulder in these
tained on the Diol column in 78.54 wt% acetone.



Fig. 10. Chromatograms of several poloxamers and PEGs, as obtained on the Diol column in 78.54 wt% acetone.
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samples, which contains PEG. The EO content of this

fraction is somewhat lower than 100%, as the MMD of the

homopolymer PEG overlaps with that of the block

copolymer.

Combining the techniques described above, one may

determine the total MMD by SEC (on a Styragel HR3

column in chloroform), the length of the EO block(s) at the

CAP for PO (on the Jordi or the Discovery HS-PEG

column), and the length of the PO block at the CAP for EO

(on the Nucleosil 100-5 OH column).
Fig. 11. MMD and chemical composition of synperonic F68, as obtained by
The result thus obtained for Synperonic F 68 is shown in

Fig. 12.

On the columns used in this study, homopolymers can be

identified, and the MMD of the individual blocks can be

determined with good accuracy, if the blocks are long

enough. As can be seen in Figs. 13 and 14, a EO–PO–EO

sample containing 50% EO can be characterized quite well.

This sample does not contain the homopolymers, as can be

concluded from Fig. 13. The MMD of the individual blocks

and the overall MMD are in good agreement with the
SEC with coupled density and RI detection (Styragel HR3, CHCl3).



 

Fig. 12. MMD of synperonic F68 and the individual blocks, as obtained by SEC (Styragel HR3, CHCl3) and LCCC (Discovery and Jordi: CAP for PO, SEC for

EO; Nucleosil: CAP for EO, SEC for PO).

B. Trathnigg / Polymer 46 (2005) 9211–92239220
specification and appear quite reasonable. The MMD of the

EO blocks obtained on the Jordi and the Discovery column

also agree very well.

The same procedure can also be applied to PO–EO–PO

block copolymers: the PO–EO–PO sample 2700 with 40%

EO already shown in Figs. 6 and 7 indeed contains traces of

PPG, as can be seen in Fig. 15. The MMD of the individual

blocks corresponds quite well to the specification, and there
Fig. 13. MMD and chemical composition of EO–PO–EO 1900 (with 50% EO), as o

CHCl3).
is again a good agreement of the distributions of the EO

block, which were obtained on the Jordi and the Discovery

column (Fig. 16).

In Table 4, the results thus obtained are compared to the

specifications of the producers. The weight averages of

molar mass were taken from SEC on a set ol PLgel 103C104

in chloroform, on the Discovery HS-PEG column in 44.52%

acetone, and on the Diol column in 78.54% acetone. It must
btained by SEC with coupled density and RI detection (PL gel 103C104 Å,



Fig. 14. MMD of EO–PO–PO 1900 (with 50% EO) and the individual blocks, as obtained by SEC (PL gel 103C104 Å, CHCl3) and LCCC (Discovery and

Jordi: CAP for PO, SEC for EO; Nucleosil: CAP for EO, SEC for PO).
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be mentioned, that the averages do not reflect the actual

molar masses as well as the maximum of the distribution

functions: the averages are strongly influenced by the low

molecular end of the distribution, which is sometimes hard

to identify, and the poor separation power of these columns

in the range below a molar mass of 1000. Anyway, a

reasonable agreement is found in the samples, which do not

contain the homopolymers. If a sample contains homo-

polymers or diblocks besides the triblocks, the sum of the
Fig. 15. MMD and chemical composition of PO–EO–PO 2700 (with 40% EO), as o

CHCl3).
EO and PO blocks is different from the overall molar mass,

as can be expected.

The really important information is, however, only

reflected by the full MMD: In some cases, the PPG used

as a starting material has a bimodal distribution, which will

lead to a shoulder in the MMD of the PO block as well as a

shoulder in the overall MMD (as determined by SEC),

which should have a different EO content. This will be the

subject of further investigations.
btained by SEC with coupled density and RI detection (PL gel 103C104 Å,



Fig. 16. MMD of PO–EO–PO 2700 (with 40% EO) and the individual blocks, as obtained by SEC (PL gel 103C104 Å, CHCl3) and LCCC (Discovery and

Jordi: CAP for PO, SEC for EO; Nucleosil: CAP for EO, SEC for PO).
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5. Conclusions

Under the conditions described above, block copolymers of

ethylene oxide (EO) and propylene oxide (PO) can be

characterized with respect to the length of the individual

blocks. Under these conditions, the other (non-critical) block

elutes in exclusion mode, which allows an independent

determination of the molar mass distribution of the individual

blocks. Homopolymers present in a sample (as residual

starting material or as a side product from chain transfer) can

be identified. Comparison of the results thus obtained with

those from SEC with coupled density and RI detection (which
Table 4

Specifications and results from complementary chromatographic separations

Product Specifications

M(EO) M(PO) M(total)

Imbentin-PAP/6800

G

7.000 1750 8750

Pluronic F 68 7.040 1566 8624

Pluronic F 108 12.408 2570 14978

Synperonic F 68 7.000 1750 8750

Synperonic F 108 13.000 3250 16250

EO–PO–EO 1900

50% EO

950 950 1900

PO–EO–PO 2700

40% EO

1.080 1620 2700

a HS-PEG in 44% acetone.
b Diol column in 78.54% acetone.
c Sum of M(EO) and M(PO).
d Plgel 103C104 in chloroform.
allows the determination of the entire MMD and the chemical

composition along the MMD) show good agreement between

the different systems.
Acknowledgements

This work was supported by the Russian–Austrian

cooperation projects I.20/2001 and RFBR-BWTZ 01-03-

02008, and the Polish-Austrian cooperation projects

17/2001 and 18/2001.
Results

M(EO)a M(PO)b M(POCEO)c M(SEC)d

5744 900 6644 5784

7367 941 8308 6651

10357 1764 12121 14025

7089 1217 8306 6740

9343 2016 11359 15454

1283 656 1939 1932

1320 1517 2837 2338
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