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Summary

Chiral substances are ingredients of food additives, agrochemicals, chemicals, medicines, etc. A
molecule is considered chiral if it contains an asymmetric atom (asymmetric centre). Chiral molecules,

along with their mirror images, are enantiomers.

The enantiomers have same physical and chemical properties in achiral environment and only
difference in them is the sign of rotation angle of polarized light and because of this it is very difficult
to separate them. But it should be noted that in a chiral environment such as a living organism, they
reveal different physiological activity so it is very important to analyze the enantiomers of chiral

substances.

Chromatographic methods are currently the most effective way to separate enantiomers. One
of the best among them is high-performance liquid chromatography (HPLC), which is one of the fastest
and most sensitive methods for the separation and analysis of enantiomers. In this project we studied
the effect of temperature on the separation of enantiomers and calculated the thermodynamic
parameters, which in turn help us to determine in advance the specific conditions of the analysis and

the possible results.

Study was conducted on different temperature and on various stationary phases. We calculated
the difference in adsorption enthalpy and adsorption entropy and observed what was the influence of

temperature on retention and separation.
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65b.1: (1)s80ermDs (HG0b-(3.5-08g00e739600¢7356%858590) ,(2) Gereacrmbs GHob(3,5-
@090 32960¢7356:8595¢90), (3)59¢n1c22 s (HEHOU(3-Fera®m-4-89000¢na3960¢73568505¢90)

3.3 3mdM530 BB

99639600960  498mYygbgdmEo dMAGMmsz0 BBy 6-39JLsbo s gmsbmewo 98,5/1,5
0565835MOMd0m. 939 odm30949bgom 05935 bTsEH0-F0563F39 5855535, IMIGMSZ BsBOL dgEo
937 mdol 0.1%-08 MomEgbmdom. 35535 96 BmMdg 653Gl oTsEHds FMIMOg Bsbsdo
RQIOOMP 29303 dmzwgbss o dookbgzs, MM obobo vIxMdIGOI6 YMASL,
d9L50590b5, 35535 dMBYBOLS s FmAdg dbgdOl bogMHNgdOLMZOL.
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»36000306900L“ Lobgwomsg 03bmd9gb. 36H:MBg6930 godmoygbgds, GmymM 3 GH3030wysd59hgdgero,
390993900L,  sODOMOGHOLYSL  2odmfizgwo  Jumz0wgdol  EsBosbgdOL  Lsd3MMbsgrmc.
3boagb0oMMHo s 96mgdol Lfobssmdwgym dmddggds 2obs3oM™MdgdL dso Logbol ©sdfg3
9mgdd990sL5G.
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4. 33930L 8993900 @ 3obLxs

4.1 565¢00Bol 3oHMdYdO:

JOMBs40MpMog80wwo LggHgoo: 580@mDs BHOOL-(3.5-089000g9BOW 35GVB>EO0)
3G9 MDBS GHOOL(3,5-0d)N0BI60 3oMBTSE0)
39 MDBS BHOHOL(3-Jermem-4-090000 R0 35M0535¢3H0)

dmd®530935bs: HEX/EtOH 98,5/1,5% + 0.1% FA

3993903 ®s: 10-60°C, dox oo - 5°C(Cellulose 1 s Amylose 1 ); 10-75°C (Cellulose 2) dox oo - 5°C
6535000l BLoBJatrg: 2 den/fon.
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096905 bMMm© 9HMO-REOHB03OMRBY60. 5Bs0DYdoL IHYdsdg FM359DBsYM Lsbsgrobm
60300096930l IMb0dbMwwo 60dMdo 39MdmE S 9bsbEGH0Tgmo 53(mbgm mexged dgBo, 300y R

9696 0mIgMo. 45dblbgws 498m30949bgo dmdMoz0 Bsbo- b-39dusbo/gmsbmero 98.5/1.5% +0.1%
J096339@03535.

QMO 3 93060867, 565¢00B0 Bo@ oM 3 B39GB X IO 9b30bowMmm sdormbs BHGOUL(3,5-
039001960 35M3535¢3)0) 139EHOL FodmYygbgdoom Fgimyegdeo 65 0Bo. IMIMS30 Gobs b-
394b560/9mbmo Msbsgs@mdom 98,5/1,5 MHMIgwlisl sds@gdmo 3Jmbs F0sbF3gwsdssgs
3000560 gsBob ImEemdol 0.1%-00. s6seobo hogo@etmgom 10-60°C-by.
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65b.3-%9 369530, ®MA FM399ME 3$9339MGIOE FMoegdo 9bsbEHomdgMgdol
90906900l 0RO 56 9033505, M¥YFES GJI3gMoEHWIMOL 2obM©s 0fi393L JOMToGHMYMOR0IO
3565393HM9JO0L MMAMMO355 F9353900L MM, 893539008 BodBHMMO, 56MBJ300M0s, LYEgJEH03Mds
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3565893HJO0L OIMIS S 39633939, 3OMEILL 9305 530mbGHMMEGOL M) 9BbEGHOM300.
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65b.5: 8932539806 559H@0b 65HXIGSreIHO ¢rg5G00F0L I 300098-9¢7985
58Le2em 92950 (39939059 )H0b G98Gb98syam 3990 5802 Bs-1 BerbBsgo %35 Bs
HEX/EtOH 98.5/1.5+0.1%FA

POROL  29BFGHMwgdol s  (33)(37)  BMOIMNWIdOL  250mygbgdom  ©OZMZIgM
0963m©0658037960 3560589G9d0, HMIgd0o3 3900 Im399Mw 3BOOET0s goghHmosbgdmwo.
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6b®oero 1. 53803503960 ,036530 35Ys: HEX/EtOH 98,5/1,5% +0.1% FA b3sgombs@eyemo
25 Y5 B 5902 B (HH0b"3,5/0089000¢03960¢ 3585059 0)

TR [am]kg [Ke o [In [ [ina [ abs, | aH, | aSs, | aS, [AgeAH, | Agqas, | Tisok
x 10" Kz |Ks [x10™ |calimol | calmol | cal/mol | cal/mol | cal/mol | cal/mol

283.15 35.32 8,983 6,237 | 1,379 | 1,830 | 2,195 | 3213,59 | -1621,656 | -769,008 -1,309 0,894

288.15 | 34.70 | 8,601 | 6,035 | 1,365 | 1,798 | 2,152 [ 3111,54

293.15 34.11 8,26 5,87 1,348 | 1,770 | 2,111 | 2986,22

298.15 33.54 7,981 5,745 | 1,331 | 1,748 | 2,077 | 2859,31 -858,01490| -2,27813 |376,63119
303.15 32.99 7,753 5,657 | 1,315 | 1,733 | 2,048 | 2738,37

308.15 32.45 7,752 5,564 | 1,298 | 1,716 | 2,048 | 2608,25

313.15 31.93 7,277 5,471 | 1,279 | 1,699 | 1,985 | 2460,79

318.15 31.43 6,945 5,359 | 1,254 | 1,679 | 1,938 | 2263,38

323.15 30.95 6,554 5,19 1,22 1,647 | 1,880 | 1988,51

328.15 30.47 6,034 4,975 | 1,177 | 1,604 | 1,797 | 1629,69

333.15 30.02 5,623 4,806 | 1,141 | 1,570 | 1,727 | 1319,05

0963nE06580371600 3560159930l M3l  F9EIPI©  393039M, MM I EgdMe
U393y  IMm3gdMo  IMAGMOBE  FoBsdo  BMBBO3OHMBIBOL  0BMYbsbEHoMbgwgdBHMom®mo
A993965GH«6s 5G0oL 376 393060 5649 103°C. Bobsb 3-Bg dm3990 JOMIoEHMPEMSTGO0 077
300X 990”9939 MOl o@gdolomsb ghms d30MEYds 9BIBEHOMIGMYdOL oM gdol
O™ 5 00bo MbEOMIB gOHMTBINOL MobEMm3zEgd0sb gdudgM0dgbEol dggaol dobgz00m
98°C-bg BwMd03OHMBI6oL  gbsbGH0MIgMgd0  0DBMYbIbGH0MLIWwgdGHoE  BHgd3gMoGH el

90509396 5 o0 YMBIBY 4930 965L 339 9PPBEGHMM305 IMobEYbL.
3990092 9J3960096EHToi FMIMOZ BBO Podmygbgdmwo oym HEX/EtOH 98,5/1,5% +0.1%
FA, bmgom B@oEombsrme 3sBo 250mygbgdmero oym 3gevenmbs 1.

39mbs 1-Bg 9bseoBgdo Bodotms sg39 10-60°C-Bg 5°C-0560 doxgdom. J39dmo

dm 3999905 Jogdeo 89093900 ©o oo dobgE3000 IMZ0E0  MYMHIMPObT0 3OO
3565993 900.
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O3 bgsgzm  3Hgd3gcmo@GMol 9sGHgdsbmsb gMmo 9bsbGHomdgMgdols 9393900l
309303309560 0BO©Yds 56 0BOHYOS B 0BOl bobyMderogmdss, Bogsd Lgergd@GHorOHmds s
2390B93000mds MAX MdILOIOS.

Ina
[ J
0,056
“o..
0,052 o
® ..
‘®...
0,048 y=-37,503x +0,1687 ..., N
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58Leaem Y H 90 (59F39D5H Lm0 G9bee9b98-9cm booglorsb. bggdho ggerayerebs-1
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6b®0oero 2. 558039503960, dmd6sz0 5sYs: HEX/EtOH 98,5/1,5% +0.1% FA b3ogombs@eyemo 35Ds

GBI s-1
TK) | WT) [Ks |Ky [a |Inky |InKg |Ine |AHs, |AH, [ASs, | AS, AgpAH, | AgAS, | TisoK
.4 _4 ! ' ! !
x 10 x 10" |cal/mol | calymol [ cal/mol | cal/mol | cal/mol | cal/mol
283.15 | 35.32 | 5,769 | 5,475 | 1,046 | 1,700 1,752
449,73
288.15 | 34.70 | 5,795 | 5,493 | 1,047 | 1,703 1,757
459,29
293.15 | 3411 5717 5,423 | 1,046 | 1,691 1,743
449,73
298.15 | 33.54 | 5,704 | 5,406 | 1,047 | 1,688 1,741
459,29
303.15 | 3299 | 5,728 | 5,424 | 1,047 | 1,691 1,745
459,29
308.15 | 3245 5776 | 5,463 | 1,048 | 1,698 1,754
468,84
313.15 | 3193 | 5,841 5517 | 1,05| 1,708 1,765
487,90
318.15 | 3143 5915 5577 | 1,051 | 1,719 1,777
497,42 | 750,92450 | 669,40940 | 5,91948 | 554430 | 74,52610 | 0,33524 |222,30587
323.15 | 30.95 | 6,049 | 5,691 | 1,053 1,739 1,800
516,43
328.15 | 3047 6,221 | 5,838 | 1,056 | 1,764 1,828
544,88
333.15 | 30.02 1,059 | 1,794 1,860
6,424 | 6,011 573,25

89330,

3695300 ™I 9Ju39MH0TI6EHOL J3EgEMBOLLL 96sbEHOMTGMGdOL geEroMgdol oo 5O

0DmgbsbGHomlgwgd@omco  3Hgddghod e
dosbmgdom -50°C obg ogo B3zgbo 9Ju3gMm0dgb@o GoM©gdm©s 0BMYbsbEombgwrgd@om®o

$993965GHM5DHg F50s O IYMRBIL 53MBEHOMMgds 9bGHOM30s.

39dbsb60/gmsbmero 98.5/1.5% +0.1% 3F056339e0855355 3H98396Mo@GMOH Mo dmsmgo 3o 10-75°C
5°Cdoxom

09039 996390039630 9635bMOEFOggm g IEMDs-2 b3gBHDY BMIMIZ0 BB 33¢3
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6b®oero 3. 5crH803%m3960,00m00530 35 Ys: HEX/EtOH 98,5/1,5% +0.1% FA b&sgombstoyemo 3sbs

GII2s-2
T(K) | WM K, [Kn o [Nk, [Nk, [ |AHs, |AH, | ASs [AS, | A AH, | A AS, | TisoK
4 2 , ) . ,
x 10 x 10" |cal/mol | cal/mol [ cal/ | cal/imol | cal/mol | cal/mol
mol
283.15 35.32 2,542 2,414 1037 0,8813 0,9330
4 363,32
288.15 34.70 2,501 2,381 1035 0,8675 0,9167
4 344,01
293.15 34.11 2,46 2,347 1034 0,8531 0,9002
d 334,35
20815 | 3354 | 2,429 | 2,322 | ;43, | 08424 038875
’ 314,99
303.15 32.99 2,413 2,312 103 0,8381 0,8809
d 295,59
308.15 32.45 2,41 2,313 1029 0,8385 0,8796
d 285,87
313.15 | 31.93 | 2,417 | 2,323 ; 0o | 08429 | 08825
: 276,15
318.15 31.43 2,446 2,354 1027 0,8561 0,8945
d 266,42 -50,54452 -0,10671 473,6499
323.15 30.95 2,494 2,403 1027 0,8767 0,9139
4 266,42
328.15 30.47 2,551 2,46 1026 0,9002 0,9365
d 256,68
3335 | 3002 | 2631 [ 2541 155 | 09326 [ 09674 [ _  ]1489,72705|1530,8621716,42463| 647789
338.15 | 29.57 | 2,732 | 2,638 | 1 gpg | 09700 | 1,0050
’ 256,68
343,15 29.14 2,857 2,763 1025 1,0163 1,0498
4 246,93
348,15 | 28.72 | 2,999 | 2,903 | | op5 | 12,0657 | 1,0983
’ 246,93

965630396900l 259mlzeol EOHME 3H9g339M0GIM0L Bo?gdslmsb ghmow 0BOYds. J30MHYdS
39MB93000Mds 5 BYEgdBH03Mds. MYMIMEO0DBST0IMEMO 356015F9EHMII0 LIMILOWOS S

O3 B5b.9-5b BBL 53 (39 MEMBI-2-Bg 56 Fg0(335ws GE0MYOOL HOYO.

Bofgmoo gbGow 3-8o 3bgsgm G:d 0bmgbsb@GHombgugd@om®o ¢9gd3gmo@ds
RWYHI03OMBIHoLMZ0L g™ bs 2 1ggd By 9390w BmdMog BsBsdo s6ols 473k, Mo3

200°C ¢006m0Ub. gb56E0mgM9d0L sgmxsl 0BMgbsb@ombigugddom®o Ggddges@wdol

900935907 53MmbEHOMEgdL gbmow3os.
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5. ©sb3369%0

o DO HY83965HMOb) AgrAG-Bg, d0HOMOIE, 3Bl sbEIBL  gBmsw3ools
(33W090s, bonwm dopo 3H9d39Me@MEMsbg - 9bGHOMM300L  (33w0gds. OO0 O
5050 9gI39M5GHWIMS 5 S0MMDOM0, 0Q0 031 565¢0D0IB BB goaligerols
QOML.

2500035 gbmOE30MM0  3mbBHOME0B  9BEGHOMIoMw  30bBHOMEDBY  Fgodwngds
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