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Summary

Chromatographic study of ibuprofen adsorption on

polysaccharide-based chiral adsorbents

The goal of our research was the calculation of thermodynamic parameters of enantioseparation
of ibuprofen in high-performance liquid chromatography. This can help to predict the suitable
analytical conditions for the given compound on given column and to achieve the desired selectivity

and enantiomer elution order.

Also we compared thermodynamic parameters in the same mobile phase with different
stationary phases. For analyzed compounds, the molar values of adsorption enthalpy and adsorption
entropy, as well as their differences for enantiomers were calculated using the plot of natural logarithm
of the retention and separation factors, respectively, versus the reciprocal of the absolute temperature.
We studied if the enantioseparation mechanism was controlled by enthalpic or entropic term and what

was the influence of temperature on retention and separation.

In order to calculate termodinamic parameters this experiment was conducted at different
temperatures. The results of this study have confirmed that a temperature significantly affects chiral
recognition pattern of polysaccharide phenylcarbamates. The question is if the change of chiral
recognition pattern is caused by any chemical or structural change in the chiral selector, chiral analyte,
both of them or is the results of enthalpy-entropy compensation. In order to get some idea on this
regard, the enantioseparation of ibuprofen was recorded in the temperature range 10-60°C when

increasing the column temperature with 5° increments.

For the experiment several acidic compounds were chosen, particularly arylpropionic acid
derivatives, which are nonsteroidal anti-inflammatory drugs (NSIDs). They are used as painkillers and
antipyretics. It is important to separate their stereoisomers, as frequently only one enantiomer has

pharmacological activity and the other is inactive or even toxic.
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05650 59 oLOM3Z5eoLHOBYdGO 5HOL Ol, MHMI JOMT>EMYMTYdDY 330039000 B396 396
3933009000 (35¢bbO 3350 M) MM 4O LB Imbs 9BsbEHOMIgMHgdOL germomgdols
(030l 3300 gds. 530LsMZ0L LEFOMM SMOL FoAMZMZIEMM MYOHIMPODIF0ZMMO 35659EMOO
(33) s (37) B3®IMEgdoL IHTSMGd0m.
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15659 MTMoPME Q9FMMZEGODY J9OZIWD 330 JDIE0 SOOL 53952 AMOB0IJJO0, JOD
39000393500 265530308 Y ©09MHdbY 2000500300 23996905 ogmaol bgargd@ogmdol
65BN MMH0 M00030, X 0g0dBg 30 3993900l 9906Hmbadwo ooy (Bobsbo 3):

Ina

0.022 y = 42.215x - 0.1089 .0

R? =0.9999
0.021

0.02
0.019
0.018
0.017

29.8 30 30.2 30.4 30.6 30.8 1/Tx 10*

Bob. 3 0dm3Mmzz960L 4M583030, YMBOL bY@ 03MdOL boEIMOXMEOO MYMOMIOL
58030009099 gds sBLMEWEBHIOO 3H9B396MoEIMHoL d936Mbgdme LowoHHY. 50w mBs 1 3gEo0.
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(35) 36Nl Fom35col[obgdom MgMIM©obsdolwcmo 3565dgEHM9doL 2odmmaws sig3
d9L5dEg09G0 SO MY 53529000 MONMGIE0 9b5BEH0MIGMOLMZ0L oYMBOL BoJBMEOL

&99396M5GH«mHoL 906mbgde LoOYHY ITM30WYOMEGOOL IR0, HMIgeog ImEgdEro
5610l 4 bobsHby:

Ink
0.9 y = 433.63x - 0.49
R? =0.987 e
0.88 )
&
0.86 . L
W ’
0.84 W
-.... ...".‘
e
0.82 A
° \&&
y = 390.24x - 0.385
0.8 Lette R? =0.993
(S
078
29.5 30 30.5 31 31.5 32 1Tx 10

Bsb. 4 00M3MM5960L 98030, IYMBOL BogGMMOL bo@ MW MMO MYSGOMIOL
©59030009099gds LMW B0 398396M5EIMoL 89069693 LoEOYBY. 5FoEMBS 1 1393)0.

900900 HOROL 2563Mmmgd9d0L Lygvdz9w By B396 93000 258M30350 MY IMEIMHO
9bms300l (33e00gds, B0 96GHMM300L (33e0Wgds s 5d)sb 298MmBobstg
0bMgbsbBHomligwgd@om®mo 3Hgddghod e (38) 3m®mIMwol 3sdmygbgdoom.

09MOOIO® 5O 543L 36093690 Mds, 19MHIMEO0653036 35615993 OHMIGE0 BMEOHIMEOD
390m3m3wom (33) 0¢) (37), Borgdrero 89093100 1I6ws g8ob3zgmegl 9HmBs6gol, 56y o¢) (33)
RMOINWO0 250MMNI0 3505993l godM353wg0m JOHMIbgmL »bs dogowmo oligmogy
390090 ML53 3090EMd™ (37) BMOMTMOM, G0 9B Fgdmnbgg3z5d0 oMz 0m
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gb®oo.

3939990 9656E0MIgM9d0L JobslosmgdErgdl, bmerm dgmeqg 89dmbggzsdo mMm0gy

9656 0mdgmHol Logeom FoboliosmgdwgdL.

39903900l 399900 ImEgdwvwos 1 sbGowrdo:

1 039360539608 MYOHIMO0bSF0IMOO 3565393 MY0-39JLsb0/gm9bME0-98,5/1,5+0,1% F056339008:535

T(K)

(1IT)

x 10"

Ina

x 10

AHs,

cal/mol

AHR,

cal/mol

ASsS,

cal/mol

ASR,

cal/mol

AAH,

cal/mol

AAS,

cal/mol

TisoK

313,15

31,93

2.435

2.367

0.86

0.89

318,15

31,43

2.397

2.323

0.84

0.87

323,15

30,94

2.353

2.279

1.022

0.82

0.86

217,6

328,05

30,48

2.291

2.225

1.02

0.80

0.83

198,0

333,15

30,01

2.257

2.199

1.018

0.79

0.81

178,3

-861.71

-775.49

-0.97

-0.77

-83.89

-0.22

387.65

93999000 259MmM3gd0L Logwndz9w by B396 godmzmzswgm ol 39ga3gMod Mo fgdEowo

OIgeHgs3 8mbgds 9656EH0MmIgMgd0L 9Erm0Mmgdol HoYoL (33C0gds, HMIGEoE OHmyMO3

3HO00sb Bsbl sG0L 387,7K 9.0 osbanmgdoom 114°C

00993608960l MmM039 96s6EH0MIIMOL sELMMBE0L Fm398v 139G DY, BgE 3HYB3gMOEGMIOME

39950900 byl MHgmdl gbmo30s, 9656E0MIgMHgd0L oymBaLsg d1939 53MbEGHMMEAL

9bms3om®o (jgzco.

DM O 3983960 MEMsDY ©IYgMBIL 53MbEGHMMMgL gbms3dom®o 9360,
A9939M5EH«IMH0L BgImm 5{193000 M3 3MDbIMYGHNE $HYB39OmsEMMbY (Tiso) gbmswdom®o

$9360 MEGMw©ads 9bGHOM30Mw §936ML s bgds 9. gbmsw3om®m-9bGMHm3omwo 3md3gblogos,
59 399396530l BgIMm 30 IYMBIL 53mbEHMMMIL 9bEHOM30Eo 9360, B39bL

9990b3z935903 02039 bgds. Bmyswaw B39bL LodMTom 3gd3gGms@ MO Imswgdo (10°C-60°C)

9L 8m3wgbs ymzgem3z0l sl begds, Boa®ed 0EIMSEWIMST0 5MHOL SOFIMOWO oligmo

d9000b393533 MMEILOE IME9 3H93396M0G MM §995¢9A0 OYMRBIL M30639

5306GHOMEgdL 9bEGHMM30s [16].
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GIEads 1

965¢0Bg00 51939 Po35GIMG 39X ImDBs 1 139G B3, IMIM930 BsBOL 0039 MBIRIMPMOOD
(6sbsbo 5) :

mAU

250 [
I 10°C

150 |

50 | IlliI

350
250
150 R ‘| | 60°C

50 R
0

0 2 a4 6 8 10 12 14 min

Bob. 5 00300 xEgbol JOMISEMYMTY00, IMdMs30 Fobs: 39Jbobo/gmsbmern-98,5/1,5+0,1%
30263398535 I gwmBs 1 b3gdo.
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090l 251563393500 ) by FMBEYOS JEPOMGOOL HOYOL FGOMHBIdS SEFOW IS b
390M3035¢0Mmm MYHIMPOBT039MH0 35M509BHMYO0 MmAME3 (33) sb939 (37)BMOIMEol
©bHAsM9gd0m (Bsbsbo 6-7):

Ino
0.1 )
0.095 y = -65.708x + 0.2947
e, R? =0.9754
0.09 ..
0.085
0.08 R
0.075
0.07 e,
0.065 B
0.06

29 30 31 32 33 34 35 1Tx 104

Bsb. 6 00M3MIMRIBOL 983030, YMBOL Lgargd@o3mdOL boGMIMSWMEmO W MYsGOMNTOL

53300090905 SBLMEEHMMO 39d39MoGIMOL FadMHbgde Lo HY. 39 MEmbs 1
b3

Ink y =-502.78x + 2.635
R? =0.9891
11
=-222.92x + 1.75
4 Y
% R? =0.986
1.05
... - y=-98.76x +1.34
...... o R? =0.8188
1 ... / ][1[@ M J
o % Inks
0.95 ».,
° I
... |l Inkr
y =-435.62x + 2.3016 Q... °
0.9 R? = 0.992 LTS @ccccee [ Py
y =-154.82x + 1.4194 y =-34.112x + 1.0217
2 _
0.85
29 30 31 32 33 34 35 1Tx 104

Bsb. 7 00m3033060L 346533030, IYMROL BogdBHMEOL oMM wmsGOMIol

53300090905 S3LMEEHMO 39d39MoGIMHOL 906 Ibgd LoOEIBY. g Mo
1139¢3)0.
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399003900l 9092900 Im3Eqdweo sGob 3bGodo 2:

3HO0o. 2 003OHMGBIHoL MgMIMPOBT0ZMOO 3565393 MYd0-39Jb560/9msbMm0-98,5/1,5+0,1% F0ob3F39¢05535

TK | @) [k [k, [a In [Ink'g|Ina | AHs, AH, ASs, |AS, |AAH, |[AAS, | TisoK
x 10" K'g x10™ | cal/mol | ca/mol | cal/mol | caymol | cal/mol | cal/mol

28315 | 353 2693 [2459 |106 |0899 | 0990| 657.9| 196.26 | 67,787 | 266 | 2,030 [ 130,575 | 0,586 | 222,966
288,15 | 34,7 | 2718 | 2475 | 107 |0.906 | 0.999| 676.6

29315 [341 | 2721 | 2469 | 107 |0903| 1.000| 704.6

29815 (33,5 | 2725 (2463 |107 |0901| 1.002| 723.2| 44299 | 307,66 | 3.48 2,82

303,15 | 33 2752 | 2477 | 107 |0907| 1.012| 760.3

308,15 2,5 2791 [2501 108  [0916 | 1.026] 797.3

313,15 31,93 2.831 2.524 108 0.925 1.040 834.2

318,15 [31,43  [2.869 [2.546 |; o9 0934 | 1.053] 8709 999.13 | 86567 | 5,24 4,57

32315 [30,94 2931 [2588 |09 [0.950 | 1.075 916.7

32805 [30,48  P.013 [2645 |10 [0972 | 1.102] 962.2

333,15 [30,01  [.097 [2.707 |10 0995 | 1.130 9984

O0QMO3 36905300 I (399) JOMTGHMYMR0 1393 DY 0BMYbIbEHOMLYgG0mMo

H9939653H 9IS 560L b Mgdom -5086M5Mb0. 9dl3gMH0TI6E s G999 gdIEo SGHOL
9390w 399396M5@ MDY 565¢0BOL Bo@o®gds, ML Asdm3 8m399w9w 9839JAL 396
©530b65bogm.

9399 d90mbg33530 9b656EH0MBgMOOL goolizErsl Mbg350 BsH0IL FYse §3sbsdo, Borgew

AH993965GH O 39500900 53MBGHOMMYOL 96GHO™M3005, §bsbEH0YMIBOL ogmaslsa

530066MEqdL gbGHM™30mwmo fg36o0.

00993M53960L 565¢0BO 515939 B935G9MY0Y 39X MDS 2 139R DY, 03039 8MIMH30 BsBOL

398myqbgdoo:

GO 2
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mAU

250 S

‘| 15°C
150

50 I||'|

350

250 | ‘ e

150 || ‘

50 Ll

0 2 4 6 8 10 12 14 min

Bob. 8 00M3MMEBI6OL JOMTSEMYM5TG00, IMIMS30 Gsbs: 39Jbobo/gmsbmern-98,5/1,5+0,1%
3026339009g53>. I IwmBs 21390 0.

§0obs Mo 999mbgg30Ls496 oblb393900m, MHMYMO3 3bgs300 IMEgdMe JOMISGMYMITOwWE
13939, B39BL LsdMTom FHgd3gM @O T sgETdo dmbs gbsbEH0MIGMHGOOL 3MmgEOMYds.
0530530603905, VS $gd3gMoEM9dHY L39BHL 30039 3M39dS 03Y3MMBI6OL R-
9656GH0m3gMm0, 99997 30 S-9696¢ 0 M0, Bs58 MryMO3 3b9s3m, Bo0e 3gd3gModMestby
dmbs MmM039 9656EH0mIgMH0L 39w 0Mgds, 9.0 390dgds 500 3Jmbogl 9bsbEomdghgdols

9006900l ool (330EgdsL. 530l EaldYIBIW 530G JSFMOMZSEMl dm(39d )0
36MHm39LoL MYMHIMEO0BT03MEMmO 356015993)M9gdO0.
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Ina
0.06
0.055
0.05
0.045
0.04
0.035
0.03
0.025

0.02

31.5

y =116.82x - 0.35
R* =0.963

32 325 33 335 34 34.5 35 1/Tx 10

Bob. 9 00M3MMEBI6OL 46593030, OYMTOL bgergdE03mdOL bo@ WMo MEO CMYsMHOMIOL
59300090905 SBLMEEHNMO 39339MoEIMHOL FgdMHbgdYe LoOYHY. 39 MEIMDs 2 b3gGo.

Ink

0.86

0.84

0.82

0.8

0.78

0.76

0.74

0.72

31

) y=-283.94x +1.75
R? =0.9268 y = 63.997x + 0.6
© P2 = 0.8287
° 4
- o % Inks
, )
..
y=-398.81x +2.08 .o y =-58.913x +0.95
R* =0.9497 ° Inkr R*=0.8173
......... Oceoennn..,,
@ °°ccce.. ®

315 32 325 33 335 34 345 35 35.5 Tx 104

Bob. 10 00368960l 460553030, IYMBOL BogdEHMMOL bo@MoMMO WmysHOMIOL
©59M 300090905 sdLMEMENMO (gd3gM @ IMHOL I906MHbgdge LoOEIBY. g Mbs
2 139%0.
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23993900l J99a900 dm39gdmeos 3 3bMHowdo:

3HOoo. 3 0091360MRBoL MYHIMPODIF0ZMMO 356539EM9d0-39JbsB0/gmbME0-98,5/1,5+0,1% F0563F39wd935

T (K) am k'S k,R o In In k’S Ina AHS, AHR‘ ASS, ASR’ AAH, AAS, TisoK
x10™ Kq %10 | cal/mol | caymol | cal/mol | caimol | cal/mol | cal/mol

28315 | 353 | 2291 | 2099 | 106 |0741 | 0.829 | 6015 | -127.18 | 117.07 1.19 1.89 23183 | 0.70 3333
288,15 34,7 2.272 2.102 1.05 0.742 | 0.820 5354

293,15 34,1 2.263 2.113 1.04 0.748 | 0.816 468.8

298,15 | 33,5 | 2263 |2.131 | 104 |0.756 | 0.816 | 4114

303,15 33 2.269 2.153 1.03 0.766 | 0.819 363.3 [564.25 792.52 3.48 4.13

308,15 32,5 2.287 2.185 1.03 0.781 |0.827 314.9

313,15 31,93 2.313 2.226 1.02 0.800 |0.838 266.4]

31815 1,43 2357 [2304 |,,, [0834 [0.857 1587

MMAMOE 295003 gd0b BB 0HBMgbsbEH0MbgegdEHom® HgddgMod el gwmwm®s 2 3Gy
0o00ma9bL 333K, M3 osbermgdom 60 Moo s6ob. 9dudg®odgb@waro dmbszgdgdoi 9g8mbgags

235030 E.

B9MMBs 2 1393 DY S 9656EGH0MTGHOL sELMODEF0L TJMYO00 IO GJI3IMEHWIMIBY byl MHgmdl

9605309, beagnm R 9656E0m3gMoliogol byl m8eob. 9bsbEomdgmadol sgmasl domge ¢9gd3gMod e vyen

9915009000 53bGHMMEYOL gbmsg3omo fg3Mo.
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5. 515336900
1. Bo3o69300 565¢00Hgdd0 IgmRBs ©dgBgLo 9bmMI30MEO 3MbEHMMEOom

90800bsMgmdL.

2.00505@ $993965& Mg As pAG-D1, IGO0, 35396 b9l gBmse3ools
330905, beagrm oo 398396M5@MBY - 96GOM300L (330 gds. JooligEs
96053099600 30063HM0b 9oGHOM30E 3MbEMME B Gg0dergds 0d9bo
9JbGHOYIsME 3H99396M5G MDY brgdm®gl, O™ Jolo 330603935 J509gRIJEGHWIOO
LoMbMMO JOHMToBHMPMIGOOL 565E0Bom 396 ImbgMbrgls.

3. 09 9656 0MmIgMH900 56 H0YM, g 56 BoTBOZL, MHMA F500 SELMOMB300L MO30L¥IBIWO
9696300L (3360035 0-b gorBMs. Ag RAG?-0l 5636 m3zs6 3608369MdsBYG 3O
d90dgds Abmerm 9MH 0 3030 35dMBBEgL JOMTsEMYMT5DY, 3030L F9T35MmMMGdOL
dm39bols godm.

4. 90306530390 350599BHMJO0 0331GdS LGSEOMbIW MO BSBOL (330 gdOLSL

5. Hm©qLsE M98 BsHo 4593099690 (390 mDs GHMOL(3,5-0dgmowagbow
396053530), 0BM9bsbEH0MLYgEH0MMO HH9d3gMHoEwIMS 5oL -50 FMoMLO, (39Embo
2 13930 990mbz935d0 60 AM>EMLO,bmm s80wMBs1 LggEol dgdmbggzsdo 114

3M5MLO.

6.009930m5960L MO39 96s6EHOMIGMHOL SELMEOB30L G0 MBS 1 13gEHBY GoMOE300

MPgmdl byl 390m@mBs 1 139G by gbmswdos bgwls Mdwol s 9bGmM30s byl

MHgmdlL, bemwm 39wenmbs 2 1539 990909000 0 3H9d39MoGMsby S
9656 0mdgmHolbmzol 9bmow3os byl Mfymdl, bnwmm R gbsb@omdgmobmgol byl

dEool.
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