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Critical Conditions and Limiting Conditions in Liquid
Chromatography of Synthetic Polymers

Dusan Berek

Summary: Distinctions between liquid chromatography of synthetic polymers under
critical conditions (LC CC) and liquid chromatography under limiting conditions (LC
LC) are elucidated. Surface adsorption retention mechanism of macromolecules is
employed in the chromatographic systems composed of 10 and 30 nm pore diameter
bare silica gels, poly (methyl methacrylate)s of different molar masses, and mixed
eluents acetonitrile/dichloromethane of different compositions, and at different
temperatures. Increased robustness of the LC LC methods compared to LC CC is
confirmed: the LC LC elution behavior is much less sensitive to eluent composition
changes compared to LC CC. Still, the LC CC system under study is, surprisingly robust
in terms of temperature variations. LC LC methods produce narrow, focused polymer
peaks while a peak broadening is observed in LC CC. The results demonstrate
importance of sample solvent applied in the isocratic coupled polymer HPLC
methods.
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Introduction

Molecular characterization of complex poly-
mer systems exhibiting multiple distribu-
tions in their characteristics requires non-
traditional methods of high performance
liquid chromatography (polymer HPLC).
These combine entropic (exclusion) and
enthalpic (interaction) retention mechan-
isms either in the same column (coupled
techniques of polymer HPLC) or in an on-line
tandem of different high performance
liquid chromatographic systems (two- or
multi- dimensional polymer HPLC). The aim
of coupled polymer HPLC methods is to
either augment or suppress selectivity of
separation according to one parameter — it
is usually sample molar mass — so that
complex polymer species are separated
exclusively or at least prevailingly accord-
ing to another parameter.
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Sample elution in coupled methods of
polymer HPLC can be performed under
isocratic and isothermal conditions — or by
applying either a gradient in eluent com-
position or a temperature gradient. Two
different approaches were proposed for the
isocratic coupled polymer HPLC. They are
based either on the critical conditions or on
the limiting conditions of polymer reten-
tion.

In this paper, we will compare the
critical conditions and the limiting condi-
tions procedures and discuss their simila-
rities and differences.

Critical Conditions Versus Limiting
Conditions

Liquid chromatography under critical condi-
tions (LC CC) is the best known isocratic
coupled method of polymer HPLC. (1-6]
Due to the compensation of molar mass
dependence of entropic and enthalpic
contributions to polymer retention, sizes
of macromolecules do not affect their
i EWILEY
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retention volumes. Consequently, chemical
structure (composition, functionality) or
architecture (tacticity) of polymer species
can be assessed. Surface or interface
adsorption, as well as enthalpic partition
(absorption) ! retention mechanisms can
be utilized in LC CC of synthetic, non-
charged macromolecules. Accordingly, one
speaks about critical conditions of adsorp-
tion or about liquid chromatography at
critical adsorption point (LC CAP), and
about critical conditions of (enthalpic)
partition. In both cases, the extent of
enthalpy induced retention for a given
polymer is controlled with the column
packing activity and with the interactions
either between eluent and column packing
(solvent strength) or between eluent and
macromolecules (solvent quality — solvation
power). Solvent strength governs surface
adsorption of macromolecules while sol-
vent quality mainly determines the extent
of their interface adsorption and enthalpic
partition. Solvent strength and solvent
quality in polymer HPLC are controlled
by eluent nature or temperature. Unfortu-
nately, their fine adjustments are hardly
possible in the case of single eluents ¥ and
therefore mixed, two- or multicomponent
eluents are often applied. Polymers dis-
solved in mixed solvents usually exhibit
preferential solvation. One solvent compo-
nent concentrates in vicinity of polymer
chains and concentration of other compo-
nent(s) raises in bulk solvent. If the HPLC
column separates solvated polymer species
from their initial bulk solvent, system peaks
appear on chromatograms. These are well
visible by non-specific detectors [! and may
interfere with the sample peaks if their
mutual separation is not complete.

In LC CC, sample is dissolved in eluent
and as rule macromolecules travel together
with their original solvent to elute near the
total volume of liquid within column.
Therefore, system peaks are usually not
(well) separated from the sample peak and
may disturb LC CC sample detection.

LC CC was applied to characterization
of numerous complex polymers and func-
tional oligomers. >~
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An alternative to LC CC represent
procedures designated liquid chromatogra-
phy under limiting conditions (LC LC). (3.10]
Similar to critical conditions, entropic and
enthalpic contributions to sample retention
mutually compensate also under limiting
conditions and macromolecules of different
molar masses elute together. LC LC
methods belong to the so called barrier
polymer HPLC approaches. 1% They
employ different transport rates of small
molecules of eluent or of auxiliary com-
pounds, which permeate the packing pores
and of macromolecules, which are partially
or fully excluded from the pores. Progres-
sion of small molecules is slow compared to
elution of macromolecules in the otherwise
identical system. Appropriately chosen
small molecules may promote adsorption,
enthalpic partition or precipitation of
macromolecules and thus create a slowly
moving barrier within column, which hin-
ders fast transport of macromolecules. The
barrier can be either a continuous phase
(eluent) 19121 or a short pulse of appro-
priate substance, which is injected together
with polymer species or just in front of
sample solution. 1314 So far, mainly the
nonsolvent and the adsorptive barriers
were studied in detail. In the latter case,
the corresponding methods are denoted
liquid chromatography under limiting con-
ditions of adsorption LC LCA (3:10-12] 4pq
liquid chromatography under limiting con-
ditions of desorption (LC LCD). ¥ In LC
LCA, eluent is an adsorptive barrier, an
adsorli, while sample solvent promotes
desorption, it is a desorli. As result,
macromolecules stay confined during their
entire travel along column within the zone
of their original solvent. Advantageously,
sample solvent in LC LCA is the desorli
component of eluent so that the solvent
demixing effects are avoided. On the
contrary, LC LCD eluent is a desorli and
the barrier is formed either by the adsorli
sample solvent or by a pulse of an
appropriate adsorli introduced into column
immediately before sample. Here again, the
barrier is usually formed by the adsorli
component of eluent. Polymer species of
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different interactivities can be easily sepa-
rated applying optimized LC LC systems.
(12141 More interactive macromolecules are
slowed down by the barrier while less
interactive species break-through the bar-
rier to be eluted in the exclusion mode. In
both LC LC approaches the decelerated
macromolecules elute within the barrier
boundary and this prevents polymer detec-
tion with the non-specific detectors such as
differential refractometers.

As mentioned, in both LC CC and LC
LC sample species of the same nature are
eluted in the domain of total volume of
liquid situated within column and irrespec-
tively of their molar masses or molecular
dimensions. Still there are clear differences
between these two liquid chromatographic
modes. LC LC covers a broad molar mass
range up to over thousands of kg-mol !,
independently of the column packing pore
sizes. "1 At the same time, application of
LC CC to very high molar masses may be
problematic. "> The LC CC peaks of
high molar mass polymers are often slightly
to extensively broadened in comparison
with peaks obtained for the same polymer
and in the same column but working under
purely exclusion conditions. '7'® On the
contrary, the LC LC peaks are narrow due
to focusing effects. *'4! Unlike LC CC, the
LC LC columns may allow overloading and
especially high sample concentrations can
be applied in LC LCA. " This allows
molecular characterization of minor com-
ponents (<1%) in polymer blends. More-
over, LC LC procedures are intrinsically
more robust than LC CC. LC LC behavior
may be obeyed in a rather wide range of
eluent compositions, '3 while LC CC is
often sensitive or even very sensitive
toward minute changes in eluent composi-
tion. 15771 This makes LC LC less
vulnerable to experimental errors and,
correspondingly, more user — friendly.

Though the above similarities and dif-
ferences of LC CC and LC LC approaches
were discussed in several papers, >3 the
LC LC methods are still sometimes con-
fused with LC CC. For example, Jiang et al
(1920] recently published interesting separa-
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tions of non-functional poly(methyl metha-
crylate)s (PMMA) and poly(n-butyl
acrylate)s from their hydroxyl- and car-
boxy- terminated analogues, respectively
on bare silica gel. They designated their
procedure critical HPLC though their
samples were injected in an adsorli dichlor-
omethane into mixed eluents comprising of
dichloromethane and acetonitrile at a
composition, which promoted desorption
of the main component of the analyzed
mixture. Such experimental conditions
correspond to a typical LC LCD system.
Sample volume applied by Jiang et al (19:20]
was, however, rather small, only 10 pL for a
column of 150 x4.6mm. It cannot be
excluded that the successively diluting
barrier of sample solvent could not effec-
tively hamper fast progression of macro-
molecules along entire length of column. In
this case a mixed mode of polymer HPLC,
namely LC LCD/SEC would be operative.
This can explain some unexpected results
presented in the paper. *°)

The elution behavior of non-functiona-
lized poly(methyl methacrylate)s was
investigated in this present study. The
chromatographic system was similar to that
applied in 2% with bare silica gel column
packings and acetonitrile/dichloromethane
mixed eluents. However, various sample
solvents were used in order to demonstrate
distinctions between the LC CCand LC LC
approaches.

Experimental Part

The HPLC apparatus consisted of the
pump Model 64 (Knauer, Berlin, Germany)
operated at 1 mL min~!, of the manual
sample injection valve Model 7725 (Rheo-
dyne, Cotati, CA, USA) provided with the
50 pL sample loop and of the evaporative
light scattering detector DDL-21 (Eurosep,
Cergy-Saint-Pontoise, France). Polymer
samples were dissolved and injected either
in the particular eluent, or in pure acetoni-
trile, or in pure dichloromethane. Sample
concentration was 1 +0.1 mg mL ™. Unless
otherwise stated, column temperature was
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kept at 30 £0.1°C with help of a custom
made column — oven with a duplex wall
connected to a water thermostat. The pump
was operated at ambient temperature but
both eluent and sample solutions were pre-
heated before entering the column. The
resettability of pump, and the actual flow
rate was controlled by a burette situated at
the column outlet. The data were processed
by means of the software Chroma (Chrom-
tech, Graz, Austria). It should be noted that
a 10 % increase in apparent retention time
compared to the real time-scale was unin-
tentionally generated by computer in the
course of all experiments.

Columns 250 x 4 mm were slurry packed
with Biospher SI-100 and SI-300 bare
silicagels from Labio, Prague, Czech
Republic. Their nominal pore diameters
were 10 and 30 nm, respectively.

Analytical grade solvents were used as
eluents, or eluent components viz. acetoni-
trile (ACN) from Merck, Darmstadt,
Germany, dichloromethane (DCM) from
Centralchem, Bratislava, Slovakia, and
tetrahydrofuran (THF) from Polskie Odc-
zynniki Chemiczne S.A., Gliwice, Poland.
Solvents were vacuum distilled immedi-
ately before use. THF was stabilized by 0.22
wt. % of di-t-butyl p-cresol and DCM by
0.015 vol. % of amylene. Mixed eluents
were prepared by weighing the components
and the control of eluent composition was
in range of 0.1 wt. %.

The poly(methyl methacrylate)s
(PMMA), prepared by anionic polymeriza-
tion, were gifts from Dr. W. Wunderlich,
R6hm, Darmstadt, Germany and from Dr. J.
Herz of Institut Sadron, Strasbourg, France
(M ranged from 1.1 to 613 kg-mol '). The
polymers exhibited low degree of stereo-
regularity and narrow to medium molar
mass distributions. ! The polystyrene
standards were purchased from Pressure
Co., Pittsburgh, PA, USA. Their molar
masses ranged from 0.7 to 498 kg - mol .

Acetonitrile (ACN) is a polar, rather
strong solvent, with the solvent strength
parameter according to Snyder recalculated
for silica gel, £=0.5. P ACN is a very
poor, theta solvent for PMMA with the
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exponent of the Kuhn-Mark-Houwink-
Sakurada viscosity law a=0.50 between
30 and 45 °C. 23! The difference in experi-
mental theta temperatures for PMMA in
ACN published by various authors is
remarkable.

Dichloromethane is a weak, low polarity
solvent, with ¢ =032. 2 1t promotes
adsorption of PMMA on free silanols of
silica gel column packing. DCM is a
thermodynamically good solvent for PMMA
(a values lie between 0.68 and 0.72). %!

For all polymers used, the peak retention
volumes (VR) could be well identified. After
each set of experiments the retained macro-
molecules were removed from the columns
by an overnight action of a displacer,
tetrahydrofuran. Columns were re-equili-
brated with 20 volumes of the fresh eluent
before the next series of measurements.
Most experiments were done twice and the
Vg values were averaged. The repeatability
of retention volumes was better than 3 %.

Results and Discussion

Recently, it was confirmed that acetonitrile
is a medium efficient desorli for poly-
(methyl methacrylate)s from bare silica
gel. (241 The universal ““calibration” depen-
dences of log Vy, vs. Vg, where Vy, is the
hydrodynamic volume of macromolecules
in eluent * for PMMA in ACN almost
coincided with those obtained in THF.
However, the universal calibration depen-
dences, which take into account changes of
polymer coil dimensions in solvents of
different thermodynamic quality, were for
PMMA in both ACN and THF slightly
shifted to higher retention volumes com-
pared to the non-adsorbing system THF/
polystyrene applying the same silica gel
column. DCM is an efficient adsorli for
PMMA in connection with bare silica gel.
Samples of PMMA were fully retained
within column by adsorption from this
eluent irrespective of their molar masses.
Dependences of log M vs. Vi, where M
is the most abundant (“peak”) sample
molar mass, obtained with silica gels 10
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Figure 1.

Dependences of log M vs. Vi for PMMA samples in
mixed eluents ACN/DCM obtained with Biospher
SI-100. Compositions of eluents are in wt. % of
ACN: (O) 60; (+) 50; (*) 46; (A) 45 (V) 41, and
(<) 36. Sample solvent was eluent. The datapoints
(M) are for PS; eluent and sample solvent was THF.
Additional circles denote the peaks, for which the
sample recovery (peak area) was reduced more than
about 25 %.

and 30 nm at various eluent compositions
and for PMMA samples dissolved and
injected in particular eluents are shown in
Figures 1 and 2. For comparison, the same
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Figure 2.

Dependences of log M vs. Vi for PMMA samples in
mixed eluents ACN/DCM obtained with Biospher
SI-300. Compositions of eluents are in wt. % of
ACN. (O) 60; (*) 46; (A) 45; (X) 43, and () 41.
Sample solvent was eluent. The datapoints () are
for PS; eluent and sample solvent was THF. Additional
circles denote the peaks, for which the sample recov-
ery (peak area) was reduced more than about 25 %.
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dependences for polystyrenes in pure THF
eluent and using THF sample solvent are
plotted. As usual, the critical adsorption
point and resulting vertical log M vs. Vg
course is better defined with the wide-pore
column packing material. In the latter case
also an increase of Vi for low molar mass
polymer species at critical adsorption point
compared to the exclusion mode is more
pronounced. A strongly reduced sample
recovery is observed for high molar mass
species. Corresponding data points are
denoted by additional circles. Full sample
retention appears for higher molar masses
in the area of eluent compositions where
adsorption retention mechanism prevails.
The critical adsorption point for Biospher
SI-100 lies at about 45 wt.% of ACN and it
is situated at about 43 wt.% of ACN for
Biospher SI-300. This indicates a slightly
higher adsorptivity of Biospher SI-100
compared to Biospher SI-300. The small
difference in the column packing activity
may reflect increased both activity of
surface silanols and packing surface avail-
able for adsorption in Biospher SI-100. A
high selectivity SEC-like separation area
can be observed near the critical adsorption
point for higher molar masses (see for
example results for eluents containing 50
and 60 wt. % of ACN for Biospher SI-100,
as well as 45 and 46 wt. % of ACN for
Biospher SI-300). This phenomenon is
designated ‘“‘enthalpy assisted SEC”. 261
Medium sensitivity of critical adsorption
point toward eluent composition is
observed for both silica gel column pack-
ings. It can be estimated that a transition
from the adsorption prevailing elution
mode to the exclusion prevailing mode
takes place within about 2 to 3 wt. % change
in eluent composition. This is a somewhat
wider eluent composition range than usual
for LC CC with the adsorption driven
enthalpic polymer retention (LC CAP).
The effect of sample solvent on polymer
elution is demonstrated in Figures 3 to 6. A
vertical course of log M vs. Vi dependences
is attained in the ACN sample solvent (LC
LCA behavior), while adsorption prevails if
sample solvent was eluent (Figures 3 and 5).
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Figure 3.

Dependences of log M vs. Vi for PMMA samples in
mixed eluents ACN/DCM obtained with Biospher SI-
100. Compositions of eluents are in wt. % of ACN: (A)
41; (@) 36, and (X) 30. Sample solvent was ACN. For
comparison, retention volumes obtained for samples
injected in eluent are depicted: (A) 41; (O) 36, and
() 30. The datapoints (M) are for PS in pure THF.
Only PMMA with the lowest M =1.1 kg-mol™" was
eluted in eluent containing 30 wt. % of ACN. Notice
that LC LCA behavior appeared in the adsorption
promoting eluents.

log M
S
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Figure 4.

Dependences of log M vs. Vi for PMMA samples in
mixed eluents ACN/DCM obtained with Biospher
SI-100. Compositions of eluents are in wt. % of
ACN: (@) 60, and (A) 50. Sample solvent was
DCM. For comparison, retention volumes obtained
for samples injected in eluent are depicted: (O) 60,
and (A\) 50. The datapoints () are for PS is pure THF.
Only PMMA with the lowest M =1.1 kg-mol™' was
eluted in eluent containing 30 wt. % of ACN. Notice
that LC LCD behavior appeared in the desorption
promoting eluents.
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Similarly, molar mass independent elu-
tion is observed for the DCM sample
solvent in the LC LCD systems but exclu-
sion prevails in the same eluents if these
were used as sample solvents (Figures 4 and
6). The increased robustness of both LC
LCA (Figures 3 and 5) and LC LCD
(Figures 4 and 6) in comparison with LC CC
is clearly demonstrated because a molar
mass independent retention is observed in a
rather wide range of eluent compositions.
(3] This again confirms user-friendliness of
optimized LC LC procedures.

The effect of temperature on the LC CC
elution of PMMA in the ACN/DCM mixed
eluent containing 45 and 43 wt. % of ACN
for SI-100 and SI-300, respectively is shown
in Figures 7 and 8.

A 20°C change in temperature practi-
cally did not affect the critical elution
behavior of PMMA. It can be concluded
that this LC CC system is surprisingly
robust as to the effect of temperature. In
many LC CC systems, already a few
degrees of centigrade difference may cause
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Figure 5.

Dependences of log M vs. Vi for PMMA samples in
mixed eluents ACN/DCM obtained with Biospher
SI-300. Compositions of eluents are in wt. % of
ACN: (A) 41, and (X) 30. Sample solvent was ACN.
For comparison, retention volumes obtained for sam-
ples injected in eluent are depicted: (A) 41, and ([J)
30. Only PMMA with the lowest M =1.1kg - mol ™" was
eluted in eluent containing 30 wt. % of ACN if sample
solvent was eluent. The datapoints () are for PS in
pure THF. Notice that the LC LCA behavior appeared in
the adsorli eluents.
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Figure 6. Effect of temperature on the LC CC dependences of

Dependences of log M vs. Vi for PMMA samples in
mixed eluents ACN/DCM obtained with Biospher
SI-300. Compositions of eluents are in wt. % of
ACN: (V) 60; and (@) 45. Sample solvent was
DCM. For comparison, retention volumes obtained
for samples injected in eluent are depicted: (v/) 60,
and (O) 45. Datapoints () are for PS in pure THF.
Notice that the LC LCD behavior appeared in the
desorli eluents.

transition from adsorption to exclusion
mode of elution. ">!® The increased
sensitivity of critical conditions to tempera-
ture is observed in the systems where

logM
N

3 v [mL 4

Figure 7.

Effect of temperature on the LC CC dependences of
log M vs. Vg for PMMA samples obtained with Bio-
spher SI-100. Mixed eluent ACN/DCM containing 45
wt. % of ACN. Samples were injected in eluent.
Temperatures were (QO) 20°C; (A) 30°C, and ()
40 °C. (M) is the dependence for PS in THF eluent at
30°C.
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log M vs. Vg for PMMA samples obtained with Bio-
spher SI-300. Mixed eluent ACN/DCM containing
43 wt. % of ACN. Samples were injected in eluent.
Temperatures were (Q) 20°C; (A) 30°C, and ()
40°C. (H) is the dependence for PS in THF eluent at
30°C.

polymer solubility strongly affects its reten-
tion that is where interphase adsorption
and/or enthalpic partition of macromole-
cules is the leading enthalpic retention
mechanism. !

Important differences between LC CC
and LC LC behavior lie also in peak
broadening and in sample recovery. As
shown in the paper, "1 LC CC peaks
were substantially broadened and their
areas, which reflected sample recovery,
were dramatically reduced. Both peak
broadening and sample recovery reduction
increased with increasing molar mass of
polymers and with decreasing pore size of
the column packing. On the contrary,
marked peak focusing was observed in
several LC LC systems ¥ because
macromolecules accumulated on the bar-
rier edge. LC LC peak widths were less
dependent of the sample molar mass and
often remained almost constant over a wide
range of injected sample volumes. (14]
Typical examples of peak shapes and sizes
for constant injected volume and almost
constant injected sample concentration are
displayed in Figures 9 to 13.

Figures 9 and 10 illustrate the effect of
sample molar mass and pore diameter on
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Figure 9.

Dependence of LC CC peak sizes and shapes on sample
molar masses. Column packing was Biospher SI-100
and mixed eluent ACN/DCM contained 45 wt. % of
ACN. Samples with similar concentrations were
injected in eluent and their molar masses in
kg-mol™" were: (—) 6.5, (- - -) 65 and (--)
461 kg -mol™".

the peak sizes and shapes under critical
conditions, while Figure 11 shows the effect
of temperature on the LC CC peak shapes.

It is evident from Figures 9 and 10 that
the peak areas decrease and peak widths
increase with increasing sample molar

masses. This effect is especially well

8000

4000

Detector response

0 100 200 300
Time [sec]

Figure 10.

Dependence of LC CC peak sizes and shapes on sample
molar masses. Column packing was Biospher SI-300
and mixed eluent ACN/DCM contained 43 wt. % of
ACN. Samples with similar concentrations were
injected in eluent and their molar masses in kg - mol™'
were: (—) 6.5; (- --) 65, and (...... ) 461 kg - mol™".
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pronounced for large, macromolecules,
which would be fully excluded from the
packing pores in absence of adsorption.
Figure 11 demonstrates a relatively small
influence of column temperature on the
peak widths under LC CC conditions. It
may reflect low temperature effect on the
overall polymer adsorption. On the other
hand, sample recovery increases with rais-
ing temperature.

Figures 12 and 13 display typical peaks,
which were obtained in the LC LCA and
LC LCD modes. The front parts of peaks
are rather sharp due to focusing effect of
barriers. The peak tailing is caused by the
exclusion effects taking part in the desorli
zone for LC LCA and in eluent for LC
LCD. Still, the difference in peak widths
between LC CC and LC LC is evident,
especially for higher molar mass species.
Reduced sample recovery for high molar
mass samples was observed not only in the
LC CC but also in the LC LCA mode *"!
while recovery remained very high in the
LC LCD mode. ! Present results support
conclusions from paper.[26]

Extensive peak focusing can be observed
also in chromatograms published by Jiang
et al. "2 The non-functionalized PMMA
and poly(n-butyl acrylates), which eluted
under LC LCD or nearly LC LCD condi-
tions, produced much narrower peaks than
the functionalized macromolecules eluted
in the slightly prevailing adsorption mode.

Break-out and break-through phenom-
ena resulting in split peaks appeared in the
LC LCD systems containing a very narrow
pore (6 nm) silica packing material, high
molar mass PMMA samples, and toluene
adsorli plus THF desorli eluents if sample
was injected in pure toluene. 141 This
problem was solved by applying a tandem
injection procedure, in which samples
dissolved in eluent were introduced imme-
diately after an appropriately wide zone of
a pure adsorli. It seems that the break-out
and break-through phenomena are less
important for the packings with wider pores
and for samples with lower molar masses.
They were observed neither in the present
systems nor in the previous studies. ['31%-2"]
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200

Chromatographic traces of PMMA 1.1 kg - mol ' (a) and 31 kg - mol ' (b) eluted in the LC CC mode from column
Biospher SI-100 at various temperatures: (—) 20°C; (- - -) 30°C, and (...) 40°C. Mixed eluent ACN/DCM
contained 45 wt. % of ACN. Samples with similar concentrations were injected in eluent.

Conclusions

An important role was demonstrated of
sample solvent in the isocratic coupled
methods of polymer HPLC combining
exclusion and adsorption retention
mechanisms. In dependence on the sample
solvent strength, interactivity of eluent
must be adjusted to obtain molar mass
independent polymer elution. The direct
compensation of entropic (exclusion) and

enthalpic (adsorption) contributions to
retention volumes is attained in the eluent
with critical composition, which is used also
as the sample solvent. This is the principle
of liquid chromatography of synthetic
polymers under critical conditions (LC
CC). The indirect entropy/enthalpy com-
pensation utilizes slowly moving liquid
barrier on which macromolecules accumu-
late near the critical adsorption point. The
barrier is formed by adsorption promoting
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[a)
2000 |
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1 1 1 1 1 1
100 200 300 100 200 300
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Figure 12.

Chromatographic traces of PMMA with different molar masses: (—) 1.1; (- - -) 65, and (. . .) 461 kg - mol . Column
was packed with Biospher SI-100 and mixed eluents ACN/DCM contained 60 wt. % ACN (a) and 41 wt. % ACN (b).
Samples with similar concentrations were injected in DCM (LC LCD mode) (a) or in ACN (LC LCA mode) (b). For
the sake of clarity the peaks for M = 461 kg - mol™" were electronically reduced by 50%.
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Figure 13.
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Chromatographic traces of PMMA with different molar masses: (—) 6.5; (- - -) 65; and (. . .) 461 kg - mol ™. Column
was packed with Biospher SI-300 and mixed eluents ACN/DCM contained 60 wt. % ACN (a) and 41 wt. % ACN (b).
Samples were injected in DCM (LC LCD mode) (a) or in ACN (LC LCA mode) (b). For the sake of clarity the peaks
for M = 461 kg - mol " were electronically reduced by 50 %.

(adsorli) eluent and sample is injected in a
desorli (liquid chromatography under limit-
ing conditions of adsorption — LC LCA).
On the contrary, a zone of adsorli creates a
barrier in liquid chromatography under
limiting conditions of desorption (LC
LCD). In this case, sample is either
dissolved and injected in an adsorli solvent
or the adsorli zone is introduced just before
sample solution. LC CC peaks are often
broadened and their size is decreased
probably because of slow kinetics of
desorption. One part of sample may be
fully adsorbed within column. In contrast,
LC LC elution produces narrowed peaks
and a high sample recovery is attained in
the optimized LC LCD systems. ?’l LC LC
procedures are rather robust as to tem-
perature and eluent composition changes.
Variations in eluent composition as high as
10 wt. % do not affect the retention mode.
The LC CC system comprising PMMA,
bare silica gel and ACN/DCM eluents
exhibits a medium sensitivity toward eluent
composition and a low sensitivity toward
temperature variations.
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