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ABSTRACT OF THE DISCLOSURE

A method for chromatographic separation in which
high molecular weight substances to be fractionated are
passed through a solvent-swelled gel formed from bisacryl-
amide or glyoxal cross-linked polymers of certain ethyl-
enically unsaturated monomers.

e ——————

The present invention relates to a method for the
preparation of polymers which are useful for separation,
for instance for ion exchange and molecular sieve and
particularly for chromatographic purposes and to the
polymer products.

It is previously known, for chromatographic purposes,
to use gels of carbon hydrate character containing hy-
droxyl groups such as polysaccharidene dextran, which
gels are subjected to cross-linking but when such gels
are not stable against proteolytic enzymes they are un-
suitable for the intended purpose. However, this is not
the case concerning the polymers according to the inven-
tion.

The invention now relates to a method of preparing
polymers suitable for chromatographic purposes and to
the polymer products, said method being characterized
in that a C=C-double bonds-containing compounds is
polymerized in the first place in the presence of a polymer-
ization catalyst, whereafter the polymer obtained is treated
with a cross-linking agent, possibly in the presence of a
catalyst, whereby the final copolymerized product is ob-
tained.

The method according to the invention may be modi-
fied in that a C=C-double bonds-containing compound
is copolymerized directly with the cross-linking agent in
the presence of a polymerization catalyst.

The C=C-double bonds-containing compounds com-
ing into question are particularly vinyl chloride, vinyl
acetate, vinyl ethers, especially vinylethyl ether, allyl
amine, styrene, butadiene, especially acrylic acid, meth-
acrylic acid, crotonic acid and esters, nitriles, and amides
thereof, as well as N-dimethyl acrylamides, dimethyl-
aminostyrene, vinyl-sulphonic acid, and as cross-linking
agent there are particularly introduced two C=—=C-double
bonds-containing compounds, for instance esters of meth-
acrylic acid and acrylic acid and crotonic acid with poly-
valent alcohols, divinyl benzene, methacrylic acid an-
hydride, acrylic acid anhydride, N,N’-methylenebisacryl-
amide, hydroxyl group and amino group reactive agents
such as aldehydes, particularly glyoxal and ketones, aryl
dihalogenides, alkyl dihalogenides, disulphohalogenides
and polyvalent acids.

As useful compounds there may be mentioned N,N’-
methylenebisacrylamide, divinyl benzene and glyoxal as
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cross-linking agents and as polymerization catalyst there
can be used per-compounds as ammonium persulphate,
benzoyl peroxide, hydrogen peroxide or trialkyl alumini-
um.

The cross-linking agent is preferably introduced into
the copolymer in a quantity of 0.01 to 50, especially
0.5 to 20 or 0.5 to 10 and particularly 1 to 5 percent by
weight, calculated on the weight of the copolymer.

The polymerization may be carried out in a liquid
medium especially as gel block polymerization or gel
pear] polymerization or precipitation polymerization i.e.
in the liquid medium. The product obtained after the
polymerization is dried, particularly by freeze-drying, but
also by vacuum, with solvents which are miscible with
the gel medium but not capable of swelling in the polymer
by salting out for hydrophilous gels, and is pulverized
for instance by means of a ball mill. The gel may also
be made homogeneous by sieving of small granules which
are separated. The product obtained after the pulveriza-
tion is possibly sieved and is treated with swelling agents,
ie. hydrophilic agents, as water, alcohols, aqueous solu-
tions, cellulose derivatives, starch, polyethylene glycol
or hydrophobic agents, for instance benzene, toluene, or
xylene, For chromatographic purposes it is obviously
necessary that the product should be present in the form
of uniform granules so that the solvent with the sub-
stances intended for chromatography easily will flow
through a column filled with granules. The drying is
preferably to be performed in an oxygen-free atmosphere
at an elevated temperature.

The gel obtained can, after drying and possible pul-
verization be modified either by reaction of functional
agents with the active groups on the gel granules or by
the dry or swelled gel grains.

The polymer produced according to the present inven-
tion is particularly useful in granulated form and after
swelling in a solvent for separation, especially for chroma-
tographic purposes, for instance for chromatography of
high-molecular substances between themselves and high-
molecular substances from substances with a somewhat
lower molecular weight. With chromatography there is,
in a broad sense, also meant the concentration by de-
hydration and ion-exchange.

In the following there are described examples of the
production of the polymers according to the present in-
vention and their utilization for chromatographic pur-

poses.
EXAMPLE 1

4.85 g. acrylamide, 0.15 N,N’-methylenebisacrylamide,
0.2 g. ammonium sulphate are added to 100 g. water and
agitated. The gel formation takes place in a closed re-
ceptacle in an oxygen-free atmosphere at room tempera-
ture. Thereafter the gel obtained is dehydrated by vacuum
and is pulverized to a granular size of 0.05 mm. in
diameter.

EXAMPLE 2

0.75 g. N,N’-methylenebisacrylamide and 24.25 g.
acrylamide are added to 500 ml. water. The solution is
filtered and dried by a water pump. A few minutes
after the addition of 1.0 g. ammonium persulphate as
polymerization catalyst and 1.0 ml. beta-dimethylamino-
proprionitrile a stiff gel is formed which is then sub-
mitted to freeze-drying. The freeze-dried polymer is there-
after pulverized in a mortar and sieved. Particles with
a diameter smaller than 0.05 mm. are collected.

The sieved powder obtained is slowly added with
vigorous stirring to 300 ml, of a 0.05 M sodium phosphate
buffer solution. Said solution is allowed to stand for one
hour and the larger particles are removed as sediment
by repeated decantations so as to obtain a particle sus-
pension consisting of particles as uniform as possible.
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To this end 4 to 5 decantations are required. The smaller
particles are also removed by decantation.

EXAMPLE 3

S5 g. acryl acid amide and 0.2 g. ammonium persulphate
are added to 100 g. water and polymerized at a tem-
perature of 90° C. for a period of 30 minutes. The
polymerisate obtained is acidified with HCI to 0.1-n and
is reacted with 0.5 g. of a 30% glyoxal as a cross-linking
agent. The gel formation occurs at 90° C. during a period
of 30 minutes. The gel obtained is then subjected to after-
treatment according to the method stated in Example 2
while a swelled powder having a grain size of from 0.02
mm. to 0.05 mm. is formed.

EXAMPLE 4
4 g. acrylic acid amide, 0.15 g. N,N’-methylenebis-

acrylamide and 0.85 g. acrylic acid are admixed with 2 g.
ammonium persulphate in 100 g. water. The gel forma-

tion comes about at 90° C. during a period of 60 minutes ,

whereafter the gel obtained is subjected to after-treatment
according to Example 2.

EXAMPLE 5

This example was performed by the method stated in
Example 4, except that the acrylic acid was replaced by
the same quantity of sodium salt of the vinyl sulphonic
acid.

EXAMPLE 6

This example was performed according to Example 4
except that the acrylic acid was replaced by the same
quantity of dimethylaminostyrene.

EXAMPLE 7

This example was performed according to Example 4
except that the acrylic acid was replaced by the same
quantity of dimethylaminostyrene.

EXAMPLE 8

This example was performed according to Example 3,
except that 40% of the acrylic acid amide was replaced
by acrylic acid, vinyl sulphonic acid, N-dimethylacryl-
amide or dimethylaminostyrene.

EXAMPLE 9

9.9 g. butylmethacrylate, 0.1 g. divinylbenzene and 0.1
g. benzoylperoxide are admixed with 10 g. diphenyl
pentachloride. The gel formation takes place at 50° C.
during 24 hours, at 75° C. during 24 hours and at 100° C.
during 24 hours and the product is dried.

EXAMPLE 10

9.9 g, styrene and 0.1 g. divinylbenzene are dissolved in
5 g. diethylbenzene. 0.1 g. benzoylperoxide is added. The

polymerization came about at 70° C. during 6 days

(6X24 hours).
EXAMPLE 11

10 ml. vinylethylether, 1 ml. 0.33-molecular triisobutyl-
aluminum, 1 ml. 0.33-molecular titanium tetrachloride
and 0.2 ml. divinyl benzene are admixed with 60 ml
xylene. The gel formation is achieved at 30° C. during
20 hours and is subjected to after-treatment,

In the above example the polymerization has been car-
ried out under the formation of a homogeneous block.
However, it is also possible, according to the invention to
carry out the polymerization as pearl polymerization, the
mixture of the compounds intended to be polymerized
being separated in a hydrophobic solvent.

EXAMPLE 12

20 ml. of a mixture of acrylamide, N,N’-methylenebis-
acrylamide and ammonium persulphate in the proportions
given in Example 1 are admixed with 400 ml. xylene and
with 5% medium viscous polyacrylate as viscosity regu-
lator. The polymerization takes place under stirring and
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in oxygen-free atmosphere and at a temperature of be-
tween 50° C. and 90° C. The grains obtained are filtered
and dried.

The following examples describe how the produced
polymers are used for chromatographic purposes.

EXAMPLE 13

The decanted suspension of the hydrated polymer ob-
tained according to Example 2 is introduced into a glass
column and is allowed to settle. The sedimentation is
made more uniform by agitating the apparatus, When the
packing is finished the buffer solution used in hydratiz-
ing is replaced by a fresh buffer solution and the column
is washed overnight and is thereafter ready for use. 40%
of the packed bed is a so-called dead volume.

At the top of the column there is a thin layer of buffer
solution and under the same the sample is introduced in
a thin polyethylene column having an inner diameter of
1 mm.

A mixture of fungal laccase and radioactive carbonic
acid anhydrase intended for chromatography was thus
layered on the top of the column having the dimensions
1.5 22 cm. The volume of the protein solution was 1 ml.
and the total amount was about 7 mg. The chromatogram
was developed with 0.05 M sodium phosphate buffer solu-
tion as eluting agent. The drop rate was 1.8 ml./h, and
fractions of about 0.3 ml. were collected. The laccase was
localized by enzymatic and the carbonic acid anhydrase
by radioactive measurements. The carbonic anhydrase
had been made radioactive with Zn® by dialysis against
10—¢ M 1,10-phenanthroline in 0.1 M acetate buffer pH
5.0 containing 4.0~5 M Zn% (AC),. The results are evident
from the accompanying drawing, This test was carried out
at room temperature. The excellent separation is clearly
evident.

EXAMPLE 14

R-phycoerythrine (molecular weight 290,000), human
haemoglobin (molecular weight 68,000), cytochrome C
from horse heart (molecular weight 13,000), DNP-
aspartic acid (molecular weight 285) and naphthol green
(molecular weight 253) were separated.

To this end there was used a column having the dimen-
sions 1.5 x 32 cm. and a polymer produced according to
Example 2. The volume of the sample solution was 1.0
ml. and the protein concentration 1.5%. After 10 hours
eluation with 0.05 M sodium sulphate buffer at pH 7.3
all components had separated in the same remarkable
manner stated for the substances shown on the drawing.

EXAMPLE 15

This example describes the separation of water from a
protein which is dissolved in the form of a solution in
water with dry granules of a gel according to Example 3,
which granules have been pulverized and reduced to a
granule size of 0.02 to 0.06 mm, in diameter. In this
connection water is separated from the protein in that
the water in eluting is sucked up into the polymer and a
concentrated protein solution is obtained which can be
separated from the swelled gel granules by centrifuging.

What is claimed is:

1. A method for chromatographic separation of high-
molecular substances into fractions and the separation
of high-molecular substances from low molecular sub-
stances, which comprises passing said substances through
a bed of solvent-swollen granules of a polymerization
product made by polymerization of a >C=C< double
bond-containing compound initially in the presence of a
polymerization catalyst and treating the polymer formed
with a cross-linking agent in the presence of a polymeri-
zation catalyst, the >C=—C< double bond-containing com-
pound being selected from the group consisting of acrylic
acid, acrylic acid amide, acrylic acid N-dimethylamide,
vinyl sulphonic acid, dimethyl amino styrene, esters of
acrylic acid and vinyl alky! cthers and using 0.5 to 20% by
weight of cross-linking agent in the form of N,N"-methyl-
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ene bisacrylamide, performing the polymerization in a lig-
vid medium Fas pearl polymerization], the products [after
the cross-linking, being dried by freeze-drying and there-
after being pulverized, the product after drying and
pulverizing being treated] before use in said separation
being swelled with a swelling agent selected from the
group consisting of hydrophilic and hydrophobic agents.

2. A method for chromatographic separation of high-
molecular substances into fractions and the separation of
high-molecular substances from low molecular substances
which comprises passing said substances through a bed
of solvent-swollen granules of a polymerization product
made by direct copolymerization of a >C=C< double
bond-containing compound with a cross-linking agent in
the presence of a polymerization catalyst wherein the
>C—C< double bond-containing compound is selected
from the group consisting of acrylic acid, acrylic acid
amide, acrylic acid N-dimethylamide, vinyl sulphonic
acid, dimethylamino styrene, esters of acrylic acid and
vinyl alkyl ethers and using 0.5 to 20% by weight of
cross-linking agent in the form of N,N-methylenc bis-
acrylamide, performing the polymerization in a liguid
medium [as pearl polymerization], the products [after
the cross-linking being dried by freeze-drying and there-
after being pulverized, the product after drying and pul-
verizing being treated before use in said separation being
swelled with a swelling agent selected from the group
consisting of hydrophilic and hydrophobic agents.

3. A method for chromatographic separation of high-
molecular substances into fractions and the separation
of high-molecular substances from low molecular sub-
stances, which comprises passing said substances through
a bed of solvent-swollen granules of a polymerization
product made by polymerization of a >C=C< double
bond-containing compound initially in the presence of a
polymerization catalyst and the polymer formed being
treated with a cross-linking agent in the presence of a
polymerization catalyst, the >C=C< double bond-
containing compound being selected from the group con-
sisting of acrylic acid, acrylic acid amide, acrylic acid
N-dimethylamide, vinyl sulphonic acid, dimethylamino
styrene, esters of acrylic acid and vinyl alkyl ¢thers and
using 0.5 to 20% by weight of cross-linking agent in the
form of glyoxal, performing the polymerization in a
liquid medium [as pearl polymerization], the products
[after the cross-linking being dried by freeze-drying and
thereafter being pulverized, the product after drying and
pulverizing being treated]d before use in said separation
being swelled with a swelling agent selected from the
group consisting of hydrophilic and hydrophobic agents.

4. A method for chromatographic separation of high-
molecular substances into fractions and the separation of
high molecular substances from low molecular substances
which comprises passing said substances through a bed
of solvent-swollen granules of a polymerization prod-
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uct made by direct copolymerization of a >C=C<I
double bond-containing compound with a crosslinking
agent in the presence of a polymerization catalyst where-
in the >C=C< double bond-containing compound be-
ing selected from the group consisting of acrylic acid,
acrylic acid amide, acrylic acid N-dimethylamide, vinyl
sulphonic acid, dimethylamino styrene, esters of acrylic
acid and vinyl alkyl ethers and using 0.5 to 20% by weight
of cross-linking agent in the form of glyoxal, performing
the polymerization in a liquid medium [[as pearl polym-
erization], the products [after the cross-linking being
dried by freeze-drying and thereafter being pulverized, the
product after drying and pulverizing being treated] before
use in said separation being swelled with a swelling agent
selected from the group consisting of hydrophilic and
hydrophobic agents.

5. A method in accordance with claim 1 wherein said
polymerization is executed as pearl polymerization.

6. A method in accordance with claim I whercin said
products are dried after said cross-linking and pulverized.

7. A method in accordance with claim 2 wherein said
polymerization is executed as pearl polymerization.

8. A method in accordance with claim 2 wherein said
products are dried after said cross-linking and pulverized.

9. A method in accordance with claim 3 wherein said
polymerization is executed as pearl polymerization.

10. A method in accordance with claim 3 wherein said
products are dried after said cross-linking and pulverized.

11. A method in accordance with claim 4 wherein said
polymerization is exccuted as pearl polymerization.

12. A method in accordance with claim 4 wherein said
products are dried after said cross-linking and pulverized.
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