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Introduction

The predominant modes for the chromatography of polymers are size-exclusion chromatography (SEC) and liquid adsorption chromatography (LAC). On the transition between these
two modes, there exists the so called liquid adsorption chromatography at critical conditions (LACCC). All these modes are used to separate polymers based on specific molecular
attributes. There are just a few, older investigations on the use of these three modes with supercritical CO,. We want to reinvestigate on these modes with the recent technological
progress in the area of SFC. In the present work, we showed all three modes on Polyethylene glycol (PEG) as a model substance. All modes were successfully used with the same
chromatographic system and the same column by varying the ratio of CO, and Methanol as eluent. To determine the parameters for the chromatography at critical conditions a
Quality-by-Design approach was used to minimize the experiments needed. As a practical usage, one developed method was transferred to preparative scale. PEGs of different
molecular weights were separated, purified and uniform polymers were obtained.
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Comparison of the different separation modes for polymers with supercritical fluid chromatography. Which mode is
dominant is controlled by chromatographic conditions, mainly the solvent strength.

] PEG 400
SEC and Adsorption for PEG on the same System N1 1 nonnnr
SCSEC: o
» Isocratic analysis with high amount of strong solvent -
« Higher MW PEGs elute earlier than lower MW PEGs
« Conditions in subcritical region [\
0.10 U h i d J L \\h/(\\
— L) ! P N e
SFAC: 0104
[ ] Gradlent to elute pOIydISperS PEGS With MW from 200 Da — 20 kDa o= ¢ o5 41 15 2 25 3 a5 4 45 5 E5 & €5 T 75 's 85 8 85 10 W5 M 15 12 125 13
* |socratic composition with low amounts of modifier lead to a breakdown of polydispers SFAC-mode was used to isolate uniform polymers form PEG 400
PEG 200 and PEG 400 samples to their monodisperse components
° 1 _ + . . . 1000,00 *
Molecular masses were confirmed by SFC-MS (ESI+) coupling Isolation (Sepiatec SFC-250): UM\
o 0.00 {PEG 400 N
Column: 200 A; 5 pm A
& o s 8 Eluent: CO, (A). Methanol (B) 0o 11949/mol
g v - Flow: 60 mL/min; 93/7 K
oo | 0 A A : Temperature: 40°C " 2ssgmo
A Detection: ELSD jk
On the same system: 0o 12829/m0
0,00 COlumn: ) 50(;:(:; 326 g/mol /k
'scSE’C— isolcratic,'10/90 '(COzll\'/Iethan'ol) | e | | | | | | | | 200 A} 1.9 KM 3 50000 K
194 232 16.42 198 1.84 000 270 g/mol
5 S g g g S S Backpressure: 238 254 6.26 237 -0.60 o
| % % Eg % ga Eg % 1800 psi (124 bar) 282 597 5.03 278 11.30 :  asagmo
] | | 326 345 5.55 328 0.67 o
Eluent: 370 330 2.70 372 0.56 3 1000 | k
| ) 00 1458 g/mol
co, (A). Methanol (B) 414 431 3.91 420 1.54 e
> 600,00 f ’ 458 486 5.73 465 1.41 81000,0;
502 530 5.27 498 -0.89 " 502gimo K
:Zz:zz ] FIOW: Mean 6.47 1.10 2,00 2,50 3,00 3,50 4,00 4,50 M;,L(jt(‘)es 5,50 6,00 6,50 7,00 7,50 8,00
W 1 mL/min | |
o \ i\ | SEC calibration: Purity of the Polymers:
3,50 - ‘4,0‘0 - 4,.50 - ‘5,0‘0 - ‘5,5‘0 - ‘6,0‘0 - ‘6,5‘0 - 7.,00 ;\Air;ut(;s ?,50 - ‘8,0‘0 - ‘8,5‘0 - ‘9,0‘0 - ‘9,5‘0 - ‘10,(‘)0‘ o ‘10,‘50‘ o il,OO Temperature: A Cal I bratlon Of the derlved u n Iform The pu rity Of the u n iform pOIymerS Was
SFAC — gradient, 90/10 - 50/50 (COZIMethanol) In 10 min 40°C pOIymerS Wa_S Compare to a CheCked Wlth the developed SFAC On
] conventional calibration with analytical scale; A purity of > 99% was
£ £ . Detection: polydispers PEGs to demonstrate a  achieved for all polymers without optimizing
< o & . . . .
oo ? 5 2 ELSD possible usage of uniform polymers the isolation

326 g/mol

1600,00

458 g/mol

140000

1200,00

Instruments Supported by:

238 g/mol

7 oo S g Column — Reprosil SEC 200A (Dr. Maisch, Germany) Federal Ministry
800,00 - Q % _ 150 21 1.9 Ivtical E E for Economic Affairs
50000 3 £ - mm x 2.1 mm, 1.9 ym (analy _lca) o - and Climate Action
oo | © £ 250 mm x 20 mm, 5 um (preparative)
| S B Analytical — Waters UPC2? with Acquity ELSD (Waters)

000 08 10 1S 200 2% a0 4% 40 4% 500 5% 6@ 6% 700 78 60 8% 9t 9% 1000 Preparative — Sepiatec SFC-250 with ELSD (Sepiatec) E on the basis of a decision

SFAC —isocratic, 90/10 (CO,/Methanol) Software — Fusion QbD software (S-Matrix Corp.) Chromicent GmbH by the German Bundestag



