
f´~¬£=g~´~©¦§±¦´§ª§=q §ª§±§=p²~²£=r¬§´£°±§²·

h¦~²³¬~=d¥~ª~¢¸£

Research of some physical and chemical mechanisms of separation of chiral beta
blockers using novel polysaccharide base columns

To achieve a degree of PhD in chemistry

p³®£°´§±°W

m°¤£±±°=¤°=®¦·±§¡~ª=¡¦£«§±²°·=e£~¢=¤

²¦£=¢£®~°²£«£¬²=¤=m¦·±§¡~ª=~¬¢=~¬~ª·²§¡~ª=¡¦£«§±²°·I

c³ªª=j£« £°=¤=²¦£=d£°¥§~¬=k~²§¬~ª=^¡~¢£«·=¤=p¡§£¬¡£±_£¸¦~¬=`¦~¬©´£²~¢¸£

OMMR

q §ª§±§



p³««~°·

_§ª¥§¡~ª=~¡²§´§²·=¤£¬~¬²§«£°±=¤=¡¦§°~ª=¡¦£«§¡~ª=¡«®³¬¢±=¤°£¯³£¬²ª·=¢§¤¤£°=¤°«=£~¡¦
²¦£°K=_~±£¢=¬=²¦§±=¤~¡²=®°£®~°~²§¬=¤=¡¦§°~ª=¡«®³¬¢±=§¬=£¬~¬²§«£°§¡~ªª·=®³°£=¤°«=§±=´£°·
§«®°²~¬²=¥~ª=§¬=´~°§³±=¤§£ª¢±=¤=¡¦£«§±²°·K=e§¥¦J®£°¤°«~¬¡£=ª§¯³§¢=¡¦°«~²¥°~®¦·=Eemi`F=§±
²¦£=«~¨°=«£²¦¢=¤°=~¬~ª·²§¡~ªJ±¡~ª£=±£®~°~²§¬=¤=£¬~¬²§«£°±K=^«¬¥=¡¦§°~ª=±²~²§¬~°·=®¦~±£±
E`pm±F=¢£±¡°§ £¢=§¬=²¦£=ª§²£°~²³°£=¡³°°£¬²ª·=®ª·±~¡¡¦~°§¢£J ~±£¢=`pm±=~°£=£±®£¡§~ªª·=±³¡¡£±±¤³ªK
`¦§°~ª=°£¡¥¬§²§¬=«£¡¦~¬§±«=§±=¯³§²£=¢§¤¤£°£¬²=µ§²¦=¢§¤¤£°£¬²=¡¦§°~ª=±£ª£¡²°±K=f¬=°¢£°=¤= £²²£°
³¬¢£°±²~¬¢§¬¥=¤=¡¦§°~ª=°£¡¥¬§²§¬=«£¡¦~¬§±«±=µ§²¦=®ª·±~¡¡¦~°§¢£J ~±£¢=`pm±=²¦£=«~¨°=¤¡³±
¤=²¦£=®°£±£¬²=±²³¢·=µ~±=²=§¬´£±²§¥~²£=~=±£®~°~²§¬=¤=£¬~¬²§«£°±=¤=±«£= £²~J ª¡©£°=¢°³¥±=µ§²¦
¬´£ª=®ª·±~¡¡¦~°§¢£J ~±£¢=¡¦§°~ª=¡ª³«¬±=~¬¢=¬°«~ªJ®¦~±£=~¬¢=®ª~°J°¥~¬§¡=« §ª£=®¦~±£±
¡¬²~§¬§¬¥=±«~ªª=~«³¬²±=¤= ~±§¡=~¬¢=~¡§¢§¡=~¢¢§²§´£±K

HPLC separation of enantiomers were performed in both normal-phase and polar-organic mode
in the presence of both basic (diethylamine Jab)̂ and acidic (formic acid- FA) additives, as well as
the combination of both.

The major goals of the present study were:

1. Separation of enantiomers of various -blockers with various CSPs and mobile phases and

comparison of separation parameters.

2. Study of the minor additivesEab^=MKNBX=c^MKMPSBX=ab^=MKNBHc M̂KMPSBFto the mobile

phase on the elution order of enantiomers in various separation systems.

3. Study of the effect of various CSP and mobile phases on the elution order of enantiomers.
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(Taufkirchen, Germany)K



PN



PO



PP



PQ



PR



PS



PT



PU

KNO J

S
I KNPJ K

Lux Cellulose-1, Lux

Cellulose-2, Lux Cellulose-3, Lux Cellulose-4 Lux Amylose-2,

PhenomenexJ E I I F EPIRJ
FJ

^ajm`I b¬~¬²§±£®J E I FK
KOJ K



PV

EPKRJ F

i³¶=`£ªª³ª±£JN

EPJ JQJ F

i³¶=`£ªª³ª±£JO

EQ F

i³¶=`£ªª³ª±£JP



QM

EQJ JP F

i³¶=`£ªª³ª±£JQ

ERJ JOJ F

i³¶=^«·ª±£JO

EPIRJ F

ADMPC

K=NP



QN

J I
K K

K
E FI E F I J

K

J
I J J
I J K

J
EJ L L RMLRMLMKNX= EJ

L L SMLQMLMKNXJ L L RMLRMLMKNX= EJ
L L UMLOMLMKNXJ L L VMLNMLMKNXFJ

EJ L L RMLRMLMKNX= EJ
L L SMLQMLMKNX= EJ L L UMLOMLMKNX= EJ
L L VMLNMLMKNX= EJ L L UMLOMLMKMPSF

K

N L I
W=NL K ^¥§ª£¬²

NOMM I OOM
I ^¥§ª£¬²=NOOM

J ORQ K

J

ORî`J SRî` K

OKPK
J

I

W

NK J

K
OK

J I



QO

K
K

PK
K

OLNJ K



QP

PK

PKNKJ J

OS
E L

L F K J
EJ L L RMLRMLMKNXJ

L L SMLQMLMKNXJ L L UMLOMLMKNXJ
L L VMLNMLMKNXFJ

EJ L L RMLRMLMKNXJ L L SMLQMLMKNXJ
L L UMLOMLMKNXJ L L VMLNMLMKNXJ
L L UMLOMLMKMPSFK

PKNKN

OS J
J L L RMLRMLMKNI

K
J I

I
K

xNOUzK

i³¶= `£ªª³ª±£JN J W
I I I I I
I I J K

J L L RMLRMLMKN J
L L UMLOMLMKN

K K=NQ
K I

K

i³¶=`£ªª³ª±£JO I
I I I

I K J

K
i³¶= `£ªª³ª±£JO K= NRJ I

KNSJ K



QQ

F

F

F

F
K=NQ E F E F i³¶

`£ªª³ª±£JN K J L L RMLRMLMKN=EF J
L L UMLOMLMKN=EF K

α=1.15
RS=0.65

α=1.77
RS=1.36

α=1.16
RS=0.99

α=1.19
RS=1.60



QR

F

F

K=NR i³¶=`£ªª³ª±£JO K J
L L RMLRMLMKN=EFXJ L L UMLOMLMKN=EF

α=1.20
RS=0.63

α=1.27
RS=2.08

α=1.15
RS=0.53

F



QS

F

K=NS i³¶=`£ªª³ª±£JO K J
L L RMLRMLMKN= EFXJ L L UMLOMLMKN= EFXJ
L L VMLNMLMKN==EF K

i³¶=`£ªª³ª±£JP OS J
K

i³¶=`£ªª³ª±£JQ I
K

i³¶=^«·ª±£JO I I
I K

J
K

K= NTJ I
K

NUJ K
^jma` I

K

α=1.16
RS=2.31

F

α=1.16
RS=1.25



QT

F

F

F
K= NT i³¶= ^«·ª±£JO K
J L L RMLRMLMKN=EFXJ L L UMLOMLMKN=EFX

J L L VMLNMLMKN==EF K

α=1.84
RS=1.71

α=1.84
R==1.71

α=2.51
RS=5.42



QU

K= NU i³¶= ^«·ª±£JO
J L L RMLRMLMKN=EFXJ L L UMLOMLMKN=EFX

J L L VMLNMLMKN=EF K

OS J
Lux £̀ªª³ª±£JN Lux £̀ªª³ª±£JOK

Lux £̀ªª³ª±£JP K
OS

I J
L L UMLOMLMKN K=NVJ xNOUX1PPz=K



QV

KNV



RM

J L L I
OS

K
J
K I

K=OMJ I i³¶=`£ªª³ª±£JQK
E K= OMFI J L L UMLOMLMKNJ

L L VMLNMLMKNK^ajm` I
J L L UMLOMLMKNI

J L L VMLNMLMKN E K= ONFK
I

J K

F

KOM i³¶=`£ªª³ª±£JQ K J
L L UMLOMLMKN=EFXJ L L VMLNMLMKN=EF K

α=2.17
RS=1.01

α=1.18
RS=1.97

F



RN

F

F

KON ^ajm` K J
L L UMLOMLMKN=EFXJ L L VMLNMLMKN=EF K

i³¶=^«·ª±£JO ^ajm`K
i³¶= `£ªª³ª±£JP J L L UMLOMLMKN

J L L UMLOMLMKNI I
I I

I E F
K OS

I
J L L UMLOMLMKNI

OJ I
J L L UMLOMLMKN

K=OOJ K

α=1.06
RS=0.70



RO

OK OS
I J L L UMLOMLMKN

k `£ªª³ª±£JN `£ªª³ª±£JO `£ªª³ª±£JP `£ªª³ª±£JQ ^«·ª±£JO ^ajm`

N

O

P

Q

R

S

T

U

V

NM

NN

NO

NP

NQ

NR

NS

NT

NU

NV

OM

ON

OO

OP

OQ

OR

OS



RP

I I
J

K

KOO



RQ

PKNKO

K KOPJ
i³¶=`£ªª³ª±£JN i³¶

`£ªª³ª±£JO K

K=OP E F E F
JO= E F JN E F J

L L RMLRMLMKN K

I J
L L I J

K
K= OQJ

Ki³¶=`£ªª³ª±£JP I
i³¶=`£ªª³ª±£JO I

i³¶=`£ªª³ª±£JQJ I ^ajm̀
K



RR

K= OQ J
L L UMLOMLMKN Ii³¶=`£ªª³ª±£JPEFIi³¶=`£ªª³ª±£JPEFIi³¶

`£ªª³ª±£JPEF ^ajm`=EFK

^aj`m I i³¶= `£ªª³ª±£JP
I i³¶

^«·ª±£JO
E K=ORF

F



RS

F

F

K= OR J
L L UMLOMLMKN I=^ajm`=EFIi³¶=`£ªª³ª±£JPEFIi³¶=^«·ª±£JO

EFK

F

F

α=1.09
RS=0.84

α=1.60
RS=3.49

α=1.12
RS=0.52



RT

F

F

F

F

K=OS J L L
UMLOMLMKN I Wi³¶=`£ªª³ª±£JPEFXi³¶=^«·ª±£JOEFXi³¶=`£ªª³ª±£JQEFX=i³¶
`£ªª³ª±£JO=EFX=i³¶=`£ªª³ª±£JN=EFX̂ajmÈFK
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F

F

F

α=1.06
RS=0.59

α=1.08
RS=0.61



RV

F

F

KOT J L L
UMLOMLMKN I Wi³¶=`£ªª³ª±£JPEFXi³¶=`£ªª³ª±£JNEFXi³¶=`£ªª³ª±£JQEFXi³¶
^«·ª±£JOEFX̂ajmÈF
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