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XpomaTtorpadpus

MpuHUMN MeToAa OCHOBHble BUAbI JeTtekTpoBaHue B OcobeHHOCTH
XpomaTtorpadum XpomaTtorpadpum nepesoja METOAUK
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Identification

Mix 1-2 mg of the product to
be examined with 300 mg of
finely powdered and dried
potassium bromide p.a.
Carefully grind the mixture,
spread it uniformly, and
submit it to a pressure of
about 800 MPa. Prepare the
reference substance by the
same procedure and record
the spectra. Celiprolol must
exhibit absorption at the
wave numbers of about
1696 cm™, 1656 cm™ and
1599 cmt. Compare with the
spectrum obtained with
Celiprolol RS.

MoaNAMHHOCTDL

1-2 MI UICMbITYEMOTrO NPOAYKTa
cMeLwmBatoT ¢ 300 Mr
MeKOU3MENbYeHHOro U
BbICYLLEHHOro Kanua bpomuaa p.a.
Cwmech TwaTenbHo pactupatoT 4o
OLHOPOAHOCTM 1 NPECCYIOT Npu
AasrneHnn npumepHoO 800 MPa.
AHarnorM4yHo NpuroTasnmMBaroT
cTaHOJapTHOE BELLECTBO U
3anuncbIiBakOT CNEKTPBbI.
Llennnpornon gomkeH NpossnsaTh
abcopbuuo NPy BOMHOBLIX Ynciax
oKomno 1696 cm™, 1656 cm™ 1 1599
cmt. CpaBHMBAIOT CO CMEKTPOM,
NOSTy4YeHHbIM ANda pedepeHTHOro

cTaHgapTa uenvnponona.

MoannHHOCTDL

1-2 MI UICNbITYEMOTO NpoayKTa
cMeLumBatoT ¢ 300 mr
TOHKON3MENBYEHHOIO
BbICYLLIEHHOIO Kanua bpomunaa 4.a.
a. Cmecb TWaTernbHO pacTupatoT
00 OQHOPOOHOrO COCTOSAHUS,
pacnpenensitotT ee paBHOMEPHO U
NPEeCCYT Nod AaBfEHUEM OKOMO
800 Mr'la. lNogrotoBky
CTaHOapTHOro obpasua NpoBoAAT
aHanorn4yHblM obpasom, nocne
4Yero CHUMaroT CNEKTPbI.
Llenunponon gosxeH
OEMOHCTPMPOBAaTb NOrMNoLEeHNE
Npn BOSTHOBBIX YMCax OKoMno 1696
cm?, 1656 cm™ 1 1599 cm™. CniekTp
ncnblTyemoro obpasua
cpaBHMBAIOT co crnekTpom CO

ermnponona.
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1H-NMR spectrum

The *H-NMR spectrum of
Celiprolol in CDCI, shows the
following characteristics:

- An enlarged signal (which
disappears by adding DZO) at
about 9.8 delta (1 proton) to be
attributed to the carboxylic
hydroxyl;

'H-AMP cnekTp

'H-AMP cnekTp Llenunponona,
CHATbIA B CDCI3 MnokasbliBaeT
crieayoLme XxapakTepUCcTUKK:

- LUINWPOKNWU curHan (KoTopbin
ncyesaet npu gobaBneHnn D,O)
C XMMWUYECKUM COBUIOM OKOJS0
9,8 gensra (1 NpPOTOH),
OTHOCUTCS K TMOPOKCUNbHOM
rpynne KapboHOBOM KNCNOTbI;

Cnektp AMP ‘H

Cnektp AMP 'H uenvnponona B
CDCI, AeMOoHCTpupyeT
crneayroLlme xapakTepuUcTUKK:

- YBEMNUYEHHbIN CUrHanm
(KOTOpbIN NCcHe3aeT Npu
nodasneHumn D,0) ¢ enbta
OKOJ10 9,8 (1 NPOTOH),
00OyCcrnoBneHHbI aToMamu
BoJopoaa kapboKCUnbHOW
rpynnbl;
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- A multiplet between 7.2 and 7.8 - mynbTUNNET Mmexay 7,2 n 7,8 - MyNbTUNNET B gManasoHe

delta (10 protons) to be attributed pagensta (10 NPOTOHOB), OTHOCUTCA Aenbra 7,2-7,8 (10 NpOTOHOB),

to the aromatic hydrogens; K apoMaTtnyeckum rnpoToHamMm; 0OyCcrnoBneHHbIM aToOMaMu
BOAOpPOAa apoMaTUYeCKnxX
LLIMKIIOB;

- A quartet centered at 3.82 delta - kBapTeT npwu 3,82 gensra (1 - KBApPTET, COCPEAOTOYEHHbLIN

(1 proton) to be assigned to the NPOTOH) OTHOCUTCA K MPOTOHY BOKpYr aenesta 3,82 (1 NpOTOH),

-CH-CH, of propionic acid; -CH-CH, rpynnbl nponnoHoBou 00yCnOBEHHbIM aTOMOM

KUCNOTbI; Bogopoaa CH-rpynnbl, cocegHen

C CH,-rpynnou npornmoHoBou
KUCNOTbI;

- A doublet centered at 1.55 delta - gyonet npw 1,55 genesra (3 - oy6bneT, cocpeaoTOYEHHbIN

(3 protons) to be attributed to the npoTOHA), OTHOCUTCA K NPOTOHAM  BOKpYr genbsta 1,55 (3 npoToHa),
CH,-CH of propionic acid, which CH,-rpynnbl, HaxoasLencs npm OTHOCSLLLMUACS K aToOMaMm
couples with the adjacent CH. CH-rpynne nponMoHOBOW Bogopoaa CH,-rpynnel, coceaHen
KWUCNOTHI. ¢ CH-rpynnow npornmoHoBOW
KUCNOTHI.



Oprrwan " nepesomum————pegarop

UV absorption
characteristics

The UV absorbance
spectrum of a Celiprolol
solution exhibits, in the
range of 230-350 nm, only
one absorbance maximum at
about 258 nm.

XapaKTepucTUKK criekTpa XapaKkTepucTuKu
NOrrnoLweHns B nornoweHna B YP-obnactu
ynsTpadunonetoBon (YO) u

BUAMMOW obnactax

YO cnekTp nornoweHnsd YO-cnekTp nornoweHus
pactBopa Lienunpornona e pacTBopa Luenunponona B
ananasoHe ot 230 HM go 350  Amnanas3oHe 230-350 HM

HM MMEET TONbKO OAUH OEMOHCTPUPYET TOSMbKO OANH

MaKCUMYM nornoweHmd oKoJ1Io. MakCUMMyM MNornoLeHnaA npum
258 HM. ONHEe BOJTHbI OKOJS10 258 HM.




XpomaTorpaduueckmne metoapl (FP 14, ToM 1)

* Xpomatorpadus (OPC. 1.2.1.2.0001.15)

* Xpomatorpadus Ha 6ymare (OPC. 1.2.1.2.0002.15)

* ToHkocnomnHas xpomartorpadpus (OPC. 1.2.1.2.0003.15)

* [asoBas xpomatorpadusa (OPC. 1.2.1.2.0004.15)

* BbicokoapdekTnBHaA XxngkoctHasa xpomatorpadpusa (OPC. 1.2.1.2.0005.15)
* CBepxkputuueckas ¢paoungHasa xpomarorpadpusa (OPC. 1.2.1.2.0006.15)

* DKCKJII0O3MOHHas xpomatorpadusa (OPC. 1.2.1.2.0007.18)

* NoHoobmeHHas xpomaTtorpadusa (OPC. 1.2.1.2.0008.18)

* AdouHHaa xpomaTtorpadpus (OPC. 1.2.1.2.0009.18)



YTo Takoe xpomaTorpadus?

~ KAPOTWH

 oEOOHTUH * METOZ, pa3jesieHuns cMecei

* npouecc nepepacnpejesieHnd Belle
HECMELWNBAOWNMNCA U 4BUXYLLLNMUC

XNOPOOMNN a apyra (I)a3a MW
| XNOPODUNN b * Hayka
| ~ NIOTEMH
3 * BUONAKCAHTUH

~ HEOKCAHTWH
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MepBbI XpomaTorpadoM4eckni onbIT
(1903 1.)



KonoHka
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BELeCTBO

AN

OCHOBHOM NPUHLMUN

MHorokpaTHOe nepepacnpegeneHue
3/1eMEHTOB CMeCcu Mexay AByMs dpaszamum —

NOABUXHOW U HEMOABUXHOM

XnMuyecknm
COCTaB

Hayano

1-8 cTyneHb —
paBHOBECUA

2- CTYNeHb
paBHOBECUS

3-8 CTyneHb
paBHOBECUS

4-3 cTyneHb
paBHOBECUS

5-8 cTyneHb
paBHOBECUS




[Mouyemy xpomaTorpadpums Tak nonyasapHa?

XpomaTorpa

* PasgeneHne cmecen 6113knx N0 COCTaBY BeL,eCTB ¢ NUA

* KayecTBEHHbIV N KONYECTBEHHbIV aHAN3 OT APEeBHErpevyeckoro Xowua — «LBeT»

* Markune ycnosus pasaeneHus

* Bbicokasi 3o PpeKTUBHOCTD
(LLMPOKNU INHEUHBIN AMaNa30H
M HU3KKe Npeaenbl 0bHapyXXeHus)



Buabl xpomaTorpapum
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BymaxkHasa xpoMaTorpadus ToHkOoC/I0MHaA xpoMaTorpadus [a30Bas xpomMaTorpadus
Paper Chromatography Thin-layer Chromatography Gas Chromatography

I\IuJUIVICA 1 VI HQWVIﬂ

Chromatography

XunpkoctHas xpomaTtorpadus/

BbicokoaddeKkTnBHAsA XNAKOCTHaA XxpomaTorpadus Ceepxkputnyeckas cdonronaHas xpomartorpadpus

Liquid Chromatography/High-performance Liquid Supercritical Fluid Chromatography
Chromatography



MexaHn3Mbl B3aUMoAencTBums

MMapodobHbIe Ounonb-gunonbHbIe
(cm1 bl BaH-gep- Dipole interactions

ager?/%als interactions
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BooopoaHblie CcBA3U
Hydrogen bonds Bswmé‘ﬁ@f'ﬁwﬂ % y
H,(@ ks
%\% 0=s=0
AneKTpocTtaTtu4yeckoe
B3anmogeuctBue OO

Electrostatic intéVb?ﬂ&ﬂl




KonoHo4yHas xpomatorpadms. dNeMeHTbI

KosoHKa
Column

YCTpPOUCTBO A5t XpOMaTorpaduy, BbiNnosHAOLLEE PYHKLMIO
pa3sgeneHns CMecu Ha UHANBUAYA/IbHbIe KOMMOHEHTbI

= RN

INNE
INNE

Packed Column

N
=le

Porous Layer
Open Tube

Wall Coated
Open Tube

BA>XXHbBIE TEPMUHbI

1. Kopnyc (Housing)

2. 3arpyska (Bed)

3. Bxoa/Bbixog (Inlet/Outlet)

4. HabmBHasn (Hacag04Has) KOJIOHKA

5. KanunnspHasa KoAoHKa C MOPUCTBIM C/10eM
Ha CTeHKax

6. OTKpbITasa KANUANAPHAA KOJIOHKA CO C/I0eM

HenoABMXHOW Pa3bl HA CTEHKAX

Guard column = npegkoaoHKa



KonoHo4yHas xpomatorpadus

JN1eMeHTbI
Copbart (onpesensiemoe BeLLECTBO)
Solute
DNIOEHT
(nogBwxHasA Paza) | Qe S S5
Eluent (Mobile phase)

ontoat
Eluate, Effluent

HenoaBuHas ¢asa
Stationary phase




XpomMaTorpamma
Chromatogram

[Padmyeckoe n3obpaxkeHne 3aBUCUMOCTU CUrHaAA NpMbopa OT BpeMeHU nan obbemMa NoABUXHOM Pa3bl

Response

Xpomartorpaunyecknm nmk = Peak
basoBas (HyneBas) NMHUS = Baseline
BbicoTa nuka H = Peak He. _
LLUnpunHa nuka = Peak width

LLUnpnHa nmuka y ocHoBaHusa W

peak width
/ at haf height

|
l baseline A

o peak heightt

peak width

/ Datapoints

peak area

N

b

|
l
1
R

= Baseline peak width

LLinpnHa nuka Ha nonysbICOTE W, = Peak width at half height

1 1 1 1 1 1 [l

Retention time
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Curian perekropa

XpomaTtorpaduyeckme napaMmeTpol. Bpems yaepxuBaHus

f'R=TR—f0

T T
3

= .

L=

* Bpewms yaepxxvnBaHusa BeLecTsa tR
Retention time

* Bpewms yaepxumBaHus HecopbupyroLLerocsi BelwecTBa t.
Void time

* [NpuBeseHHOe (MCNpaBaeHHOE) BpeMSA YAepXMBaHUSA t'R

* HeckoppeKTMpOBaHHOE OTHOCUTE/IbHOE BPEMS YAEPXKMBAHUS
RRT
Relative retention time

* CkopocTb notoka (F)
Flow rate

 Mnowaab nuka S
Peak area

Bpems yaep>KmBaHUs = Ka4eCTBEHHbIN
napameTp

5 .. (.

— [Tnowagb NMKa = KONUYEeCTBEHHLIN NapaMeTp
Bpems



JPPEeKTMBHOCTL pasgeneHnsa.Teopms TeopeTUYeCKMUX Tapenok

BbicoTa, 3KBUBa/ZIeHTHasA TeopeTudyeckom Tapenke H (BI3TT)

COOTBETCTBYET BbICOTE C/1051 COPHEHTA, NPU NPOXOXAEHUMN
KOTOPOW aKT copbumnm—aecopbumm ycneBaeT COBEPLUMNTLCA B
cpeAHeM OAWH pas3

j N=L/H
| H /
| Yucno Teopetnuecknx tapenok N

OTpaXaeT Ka4eCTBO NCMNOJ/Ib3OBAHHOIO COp6€HTa N 3arnoJIHeEHUA
KOJIOHKHA

N = number of theoretical plates, plate number, theoretical plates
H = height equivalent to a theoretical plate (HETP)




CenekTUBHOCTb M 3GPEKTUBHOCTb Pa3gesieHns

v & A
Onpedensemcs wupuHoU u pacnonoxceHuem NUKos £
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Bpems
Koadadmu%em CeNneKTUBHOCTU, OTHOCUTESIbHOE

yAepXuBaHue (a) Selectivity factor

PaspewieHue Rs

Resolution

OTHoOWweHne MakKCUMMyM/MUHUMYM

OTHoOLLEeHne «NUK-gonuHa», peak-to-valley, p/v

PaKkTop acuMmmeTpumn As

Tailing factor



[1pUrogHoOCTb CUCTEMDI
System Suitability

YacTtb xpomaTorpadpuueckom meTtoamkm

YcTraHoBneHue TpeboBaHUM K:

napamertpam, xapaktepusytowum ¢opmy nuka (Nn A )
pa3fennTesNbHOM CNOCObHOCTH (R naw p/v)
BOCMPOM3BOAMMOCTM 3HAYEHUM NAOWAAN U BbICOTbI MUKOB
BpeEMeHW yaepXnBaHua (ncnbitaHue «ogaMHHOCTbY»)

YYBCTBUTENbHOCTb (MCNbITaHue «[1pumecn»)

|

P g
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0 10 20 30
<—>I(—x4 (b)
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2
/\ N
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[lepeBog aHaANUTUYECKUX MeTOAUK. TTPUroAHOCTb CUCTEMBI

Acceptance criteria for SST solution:

1) The resolution between any two known impurities (or) known impurity and amoxicillin peak

should not be less than 2.0.
2) Theoretical plate number for amoxicillin peak should not be less than 4000.

3) Tailing factor for the amoxicillin peak should not be more than 2.0

PacTBop An5 npoBepKM NpUrogHoOCTM cuctemsl = System suitability solution (SST)



BbicokoappekTuBHasA XXUAKOCTHas xpomaTtorpadpus (BIXKX)
High-performance Liquid Chromatography (HPLC)

BA>XHbIE TEPMWHDbI Sobert

Pump = Hacoc o

Guard column = NPeKON0HKa e

Precolumn filter = NpeAKONOHOYHbIN PUABTP Pump

Injector = yCTPOMCTBO BBOAA Npobbl

Injection valve = ,03aTop A4/19 BBOAa Npob e Cakimn
Column = KOJIOHKa

Detector = fleTeKkTop

Recorder = perucTpaTop AaHHbIX (Camonucel,)

Data acquisition system = cuctema cbopa n 0bpaboTim _

Reservoir

JIAHHbIX

— Recorder




AeTtekTopbl. BIXKX
HPLC Detectors

- MaTtpuuHbI poTOANOAHDIN AeTeKTOop (4UOAHO-MATPUUHbBIN)
Photo-diode array detector (PDA)/Diode array detector (DAD)

- YnbsTpadmoneToBbin AeTEKTOP
UV-detector

- Qnyopumerpuyeckum geTekTop
Fluorescence detector

-  PedpakTomeTpuueckumn getektTop
Refractive index detector (RID)

BaxHble napamMeTpbl AeTeKTopa:

- KonAykTomeTrpuueckum AeTekTop * npenen obHapyxeHus = Limit of Detection
Conductivity detector  NWHEeNHbIV AManasoH = Linear range




B3>KX. Tunbl snto0npoBaHuS

o |/|30KpaTVIL-IeCKOe aAriionpoBaHnNe
Isocratic elution

e [pagueHTHOE antupoBaHmne
Gradient elution

MeOH /H,0=6/4

,\ A A Long TinweMOCfatic

Bad peparation MeOH/H,0=8/2
7 )
]\\ Isocratic

Gradient




HopmanbHo-¢as3oBas/obpauweHHo-Ppa3oB
Normal Phase/Reverse Phase HPLC




ToHkocnonHasa xpomaTtorpadusa (TCX)
Thin-layer Chromatography

1. [MoproroBka NiaCcTUHKU
2. HaHeceHue
3. XpomartorpadupoBaHue
4. AHanus
3
PakTop yaepxunBaHus R = Retention factor
(k03 PULMEHT 3amesNeHns)
[Noanoxka = Support
[MnhacTmHka = Plate
Aviokeng kpemHus, cuamkarens = Silica (Silica gel)

CopbeHT = Coating substance

- N [FLR0




[lepeBog aHannTUYeCKUX MeToAMUK. TCX

Related substances.

Analyze by thin-layer chromatography, using silica gel as the coating substance.

Test solution.

Dissolve 1.0 g of the substance to be examined in ethyl alcohol and dilute to 100 ml with the
same solvent.

Reference solution.

Dilute 0.5 ml of the test solution to 100 ml with ethyl alcohol. Apply to the plate 20 ul of
cach solution. Develop over a path of 15 cm using a mixture of 20 volumes of ethyl alcohol
and 80 volumes of chloroform.

Spray with visualisation reagent. Heat at 100 °C to 105 °C for 5 min and examine
immediately 1n ultraviolet light at 254 nm. When examine 1n ultraviolet light and after
spraying, any spot in the chromatogram obtained with the test solution, apart from the
principal spot, is not more intense than the spot in the chromatogram obtained with the
reference solution.




[a3oBas xpomaTtorpadpus (IX)

* [a3oadcopbyuoHHas xpomamozpagus

Gas Chromatography
[a3 *
MeTopa AnAa pasaeneHua u onpegeneHns 1eTyymx // /‘
coeanNHeHUMn | |
HenoasuxHan ¢asa TBeppoe Teno
Matocsl MoaBuxHas ¢pasa
a3 *
XnNakocTb
|
* 3KCMNPEeCCHOCTb
* onpeaeneHne MHOrOKOMMOHEHTHbIX CMecen TBepaoe Teno (HocuTesb)

* pasjesieHne cmeceu
* [a3oxcudkocmHas xpomamozpagus



[asoBas xpomaTtorpadus (IX)
Gas Chromatography (GC)

—l

=2

1 detector
| chromatogram
gas
cylinder
]
6
Inert carrier gas Gas Chromatograph (GC) Computer
Mobile phase Stationary phase Data

Capillary Column

Polyimide Coating

Fused Silica

Stationary
Phase

Ba>kHble TepMUHbI

Carrier gas = ra3-HoCcuTesb

Gas regulator = perynsTop Toka rasa

Trap = JIOBYLLUKA

Autosampler = aBTOMaTM4eCckmin NpobooTOOPHMK
Column = KO/IOHKA

Column oven = TEPMOCTAT KOJIOHOK

Detector = leTEeKTOop

Column inlet = BXOZ, B KOJIOHKY

Fused silica column = kBapLeBas KanuaAsapHas KOJIOHKA
Head-space = napodasHbInN aHaN3

Fused silica = NJ1aB/JIeHbIN KBapL,



[a30Ban xpomaTorpadusi/Macc-CneKTpoMeTpus
Gas Chromatography/Mass Spectrometry (GC/MS)

BbicokoaddekTMBHAA XMAKOCTHAA XxpomaTorpadusa/macc-cnektpometpus (BIXKX/MC)
High-Performance Liquid Chromatography/Mass Spectrometry (HPLC/MS)

OZVH 13 BaXHENLIUX METOA0B KaYeCTBEHHOro aHa/n3a

DETECTOR

NMPAHLU WU

AETeKTMpOBaHME NMNo OTHOLWLEHUIO

HEATER TO VAPOURISE
SAMPLE

MacCbl MOHa K 3apsagy m/z
ELECTRON BEAM
IONISES SAMPLE

MoHM3auma BewecTsa 1
B3BeLUMBAHME NOJYYEHHbIX YacCTuUL,
NpWY NOMOLLM CNeLMasbHOro AeTekTopa

INJECT SAMPLE

MAGNETIC FIELD SEPARATES
PARTICLES BASED ON

MASS/CHARGE RATIO ELECTRON SOURCE
PARTICLES ACCELERATED

MAGNET INTO MAGNETIC FIELD



Macc-cnekTp
Mass-spectrum
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[etekTopsbl. [@30Ban xpomaTorpadus

KaTapomeTp (No Ten10npoBOAHOCTH) @ @

Thermal conductivity detector (TCD) ® &
L |®e > (e |
M3meHeHne TeM/I0MpPOBOAHOCTY NPy ﬁ)‘:‘ PSR @ LIPS | 2
MNPOXOXAEHMM 3/THOMPYIOLLENCA 30HbI BELL,eCTBa ) = @ A |I°

@ A | ®

@/ @/

Cépoc

NnameHHO-MoHU3aumMoHHbIU (MU A)
Flame lonization Detector (FID)

T DnekTpos - KOMeKTop
BbicokoTemnepaTypHoe njiamsa MOHU3YeT KOMMOHEHTbI

0bpasLa, 3/1OUPYIOLLErOCA U3 KOJTOHKM.
MNOHbI NOCTYNAlOT Ha 3/1eKTPOA, YBENMUYMBASA TOK.

Tok pernctpupyetcs Bogopon =P dntoart u3
+KNCIIOPOA |_J L7 KOJIOHKM

[0— Monsipu3auUmoHHbIA NEKTPOA




[lepeBog xpomaTorpadpmnyeckmx MeToamk. HasBaHme KONOHKM

Eclipse Plus C18, 2.2 x g mm, 1.8 um

KonoHka Eclipse Plus C18, pasmepbl 2,1 x 5
MM, pa3mMep YacTuy, 1,8 MKM



[lepeBoj
aHaNTUYECKNX
MeTOAMUK

PROCEDURE:

1.CCTYPICAL CHROMATOGRAPHIC CONDITIONS -OR RELATED SUBSTANCES BY HPLC METHOD

Apparatus

Column

Flow Rate
Wavelength
Temperature
Load

Run timeé
Diluent
Elution
Needle wash
Bufter

Mobile phase A
Mobile phase A

A liquid chromatograph is equipped with variable wavelength PDA- Detector

Symmetry Shield RP18, 250 x 4.6 mm, 5 um or equivalent.
[MakejPart Not Waters /12345]

1.0 ml/minute 3

210 nm

25°C

5ul

48 minutes

Acetonitrile

Gradient

Diluent

First filter 1000 ml of Milli-Q-water through 0.45 um nylon filter paper and add
1.0 ml of hydrochloric acid (33%). Mix well and sonicate to degas.

Buffer (100%)
Acetonitrile : water (95 : 05, v/v)



KoOHTaKkTbl NpenojaBaTens:

AHHa TpudoHoBa
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