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1. General terms in analytical chemistry
(107; 1 question)

2. Capillary electrophoresis
(357; 2 questions)

3. Mass spectrometry
* In general (257; 2 questions) |

« GC-MS (107; 1 question)
« HPLC-MS (10”; 1 question)
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- 3D ANALYTICAL SEPARATION -~

{PIC — ion chromatography

3

HPIC

polarity

molecular weight
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GENERAL TERMS
IN ANALYTICAL CHEMISTRY
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1. General terms — Qualitative vs. Quantitative analysis

2. Calibration curve, sensitivity of method
3. Noise, limit of detection, limit of quantitation
4. Accuracy/precision, repeatibility/reproducibility

% 2
s 3
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Terms

(B Sample, analyte

V2N

QUALITATIVE QUANTITATIVE
(what?) (how much/many?)

» identification of unknown sample  determination of Cd in milk

* identification of flammables  determination of pervintine in blood

« identification of umpurities in Paralen  « determination of Hg in hair

Proprietary & Confidential Thermo FiSher



Sensitivit

Signal

Calibration curve

v

Concentration of analyte

Sensitivity = slope of calibration curve
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LIMIT OF DETECTION
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Accuracy/Precision

Anglicky termin Ekvivalent v Ekvivalent VIM3
chemii (do r. 2008) (od r. 2009)

ACCU rate/ Measurement |Pravdivost méfeni| Pravdivost te/p reCiSe
)

trueness mereni

Measurement | Spravnost méreni Presnost g
accuracy méreni

(0] Measurement Presnost méreni Preciznost
precision meéreni

(0]
(0]
Accurate/not precise Not accurate/not precise
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Precision

g N

(NN

A o

REPEATABILITY:
N X one analyst,
one apparatus

REPRODUCIBILITY:
N X more analysts,
more apparatus
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CAPILLARY
ELECTROPHORESIS
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Capillary electrophoresis— in general

On the field of separation techniques — strengths, weakness
Separation of inorganic ions — examples

Separation of polar and ionic substances — examples

Chiral separation — examples

oo~

v
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Different velocity
(mobility) of ions
in el. field

J—e o— L%
LkV.
O O
|
detector :-
Bl

i time

AL .

elektrolyt, elektrody
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ACETATE ION

AMMONIUM ION
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EOF - (electro)endoosmotic flow = separation of
cations, anions, neutrals during one run

poymer 77

7

silica >

cavity 7//////////////




CZE - capillary zone

electrophoresis

(M)EKC — (micellar)

electrokinetic chromatografy

CEC — capillary

electrochromatografy

19

CAPILLARY CAPILLARY CAPILLARY SIEVING
ELECTROPHORESIS ISOELECTRIC FUCISING ELEC TROPHORESIS
(CE) (CIEF) (CSE)

CAPILLARY I -
ISOTACHOPHORESIS I CAFILLAR Y GEL
TP - ELEC TROPHORESIS
: ’ v\\ CAPIILARY (CGE)
ELECTROMIGRATION
MICROEMULSION ECC IQUES
AMEECC) TECHNIQUES ™~ CAPILLARY
‘ : ELECTROCHROMAT.
l (CEC)
AFINITY CAPILLARY ELECTROKINETIC MICELLAR
ELEC TROPHORESIS CAPILLARY CHROMAT. »  ELECTROKINETIC CC
(ACE) (ECC) (MECC)
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Test of dyes (E124, E110 a E122) in Ibalgin susp.

L. =48.5cm
Lt =40.0 cm

pH=2.2
R2
U =-20 kV
N 2 ml susp. in 5 ml vol. flask
|l
O " E 124
25 @:ICI)/ONa
5 20 ¢ R ﬁ
%- 15 1 °
e E 110 E 122
“’ . N
0 n :
2 3 4 5
time [min]
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V] low running costs compared to GC a HPLC
VI high separation efficiency

V] fast analyses

v] short method development

x| worse robustness and inj. repeatability

x] LOQ~0,1az0,2%

x| Peak area depends on migration time

//////W//////////

bubble cell a Z-cell
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capillary

pressure

.

electrolyte

sample
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Hydrodynamic
Injection — the most
common in CE
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CE exam

le

S

140

120 t

100 |

Abs [mAU]

40

20

24  Proprietary & Confidential

80 r

60 r

time [min]

2 . . 6
€as [min]
Ca
Mg
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K r| Mn
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CE examples

Omega H3 Geriavit Pharmaton
component declared CE* declared CE*
value/cps. value/cps.

C 60 mg 4 60 mg 4

B1 20 mg v/ 2 mg 4

B2 Smg v/ 2 mg 4

B6 10 mg 4 I mg /
Nicotinamide 25 mg v/ 15 mg /
Calcium pantothenate 10 mg 4 10 mg /
Mg(2+) 30 mg 4 10 mg 4
Mn(2+) 2 mg not found 1 mg not found
Zn(2+) 15 mg v 1 mg not found

25  Proprietary & Confidential ThermoFisher
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CE chiral separation

Chiral separatlon

/

packed / monollthlc

Coated wall

EKC

A

CSP

Chiral additives

\
CD Protelns MIP
— .~

Chirasil-DEX permeth(y:l]z)lted beta BSA lysozym cytochrom ¢
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CE chiral se aration

[n]
H c-J-m

O HO

ﬂz§°aCDQ§ P BCDE }i 1-CD jgg
A e Y

' 6, 7 a 8 glucopyranose units

€ o

CHs

selector analyte complex

* hydrophilic surface and hydrophobic inert part of cavity
» derivatisation => positive/neqgative charged selector
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CE chiral separation

Addition into ‘: "’ @ -®
BGE ‘: -® ‘ ‘ -

288588848

OT-CEC <_‘ <_‘
packed and
monolithic

CEC

hermoFisher
uuuuuuuuuu



C

E chiral separation

29 Proprietary & Confidential

A: silica capillary
B: ,coated"” silica capillary (OT-CEC)

Electrophoresis 2008, 29, 3933-3940




CE chiral separation

250
(R)-N-Me-atomoxetin
200 (S)-N-Me-atomoxetin
2150
E
£100
CHj,
50
O
I( L L
/CH3 0 :
N 0 1 2 _ 4 5
| time [min]
CHj
250
(R)-N-Me-atomoxetin
200 |
2150
E,
3
2 100
50 t
% -
ﬂ O Jr 1 1 1 L
0 1 2 .. . -3 4 5 .
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CE chiral separation

10 r
9 | . (S)-duloxetine
(R)-N-Me-duloxetine
8 -
7t (R)-duloxetine (S)-N-Me-duloxetine
6
2 5
S
4
3 -
2 -
1t
0 T T T 1
4 4.5 5 5.5 6

time [min]

Limit of detection (LOD) and limit of quantitation (LOQ)
The limit of detection has been calculated by the formula:

LOD — 3.3.0
o is ASTM noise of baseline value (0.138 mAU)
S is the slope of regression line - (11.0 mAU/%)

The detection limit of (R)-duloxetine has been 0.04 % on current condition
The quantitation limit is triple of this value, i.e. 0.12 %

. . ThermoFisher
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CE chiral separation

detector

electrolyte, electrodes

32
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A [mAU]

A [mAU]

50 r
45
40 r
35 |
30 |
25 1
20 r
15 |

10

20 |

15 r

10 |

S-citalopram
R-citalopram
5 ;-‘MM-J
0 1 1
0 20 40 60 80 100
Cas [s]
R-clopidogrel
S-clopidogrel
0 50 100 150 200
Cas [s]
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CE biopharma

KV
OO

kapilara

detektor

elektrolyt, elektrody
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CE biopharma

Vzorek
+ napéti
O O
Vzorek |:| BGE

nastrik .

separacni
kanal Odpad
- napéti
Head Head O ESI
Pressure Pressure +HV BGE emitter
@ x
MS Inlet
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CE biopharma

100 — . . L.
g o Electropherogram of intact infliximab:
= -
g -~
= — » -
3 60 = 3 ng of sample injected
2 403
S 20 —;
0 I T T T T T T T T T T T T T T T
0 2 4 Time (min) 6 8
Resolution: 30K Full|MS spectra from Q Exactive HF-X MS with BioPharma Option
=26 z=26
5510 g 57228 57228
=28 z=25 Z00Mm RT 2.6 min 2 LYS
y 50 5314 1 5951 7 I:> L 50
5 0 &
g 100 5717.9 2 100 5717.9
= 55062 594 55 = RT 3.5 min
% 50 % 5309.5 m— % /\ 1Lys
g 0 - 5713.0 - L aa—
% 100 5501 . 504 14 3 1% SRT4.5min A
o o
o0 g 5305.0 - — 50 g 0 Lys
T | T | T T T T I T T 1 1
5000 6000 5700 572::- 5740
m/z
§ow Sliding window deconvolution
Deconvoluted MS spectrum [GOF/GOF] 2 Lys ggj with Respect™ algorithm
_ 148767 8 ER
_ 1003 1486397 Poa _
g 803 Lys [GOF/G1F] 2 Lys ’ “
g — 1485119 . 4
= 60 . 148673.3 148920.2 H
2 Lys 1488012 [(GOFIG2F)/(G1F),] 2 Lys -
B = «— | 1438357 1480540 149092 6 R —
€ 4y 3 148564.0 < : s A s
4 1483115 “«— I 1499316 1491993 1493643 1494815 A
148300 ' 148500 148700 142900 149100 149300 149500 '
Iass
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MASS
SPECTROMETRY
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bk~

Mass spectrometry — in general
Qual/Quan approach on MS

Hyphenated MS (GC-MS, LC-MS)
Configuration of MS

Structural analysis in Pharmacy - examples
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MS — mass spectrometry
Analytical techniques that measures mass-to-charge ratio

PROTON

has a positive charge

NEUTRON \ Q
has no charge 4
» ELECTRON

has a negative charge -

®

Lithium
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m-g=k-Al

cathode ray tube
no charge

positive charge
|

[ —




/
©

_
-

intensity |

m/z

40 Proprietary & Confidential



1942: Calutron — separation of 235U a 238U

41 Proprietary & Confidential Thermo F|Sher
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Light dispersion — visible range — by the prism

,2oorrowing” term SPECTRUM...SPECTROMETRY

42  Proprietary & Confidential ThermoFisher
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Dispersion

White
Light

|||||||||

mass -E.I'IB'}'IHT
ion Separation

Dispersion with prism
- formation of elmg. spectrum

Separation of ions in mag. field
- formation of mass spectrum
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lonisation

ionisation @E’
fragmentation ‘

M
M, + 2

"D

,hard” ionisation

[
»

m/z

,Soft” ionisation
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MS"

ionisa:cion
fragmentation

Cp

.M
iz
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Instrumentation

TURBOMOLECULAR PUMPS

7
fgﬁfzgﬁfﬁfb
ION SOURCE ION AINAILIYZiER + MULTIPLIER
OPTICS

o 4
SEPARATION (HPLC, GC, CE) >/ "MPHE (MIXTURE)
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Analvzer

(m/z)1> (m/z)2 elektroda

Koncova Koncova
to detector elektroda elektroda

=] ﬂ h
0 6@ U +V cos(w
iontovy .

zdro] — detektor

quadrupole

Vstupni
Stérbina

lontovy
zdroj

ion

beam resonant ion (detected)

non-resonant ion (not detected)

L Y
a®

Ut+) — Detektor

Udc Urf + Ude Ude

Pruletova trubice

Gas [ms]

| I

Detektor—_F),:_\_-__——:*—_.._tdA_ o
lFFT
|

JL m/z - . I
J I | S lontovy zdroj Reflektron (reflektor)

|

/
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RESOLUTION

48  Proprietary & Confidential

Resolution

ORBITRAP
C9H3502N3B1SCO
465 467 469 471 473 475 477
m/z
ION TRAP
™ ~
/N ™
/—\\/{/ AN . . . S \\\.,_.-—--_ .
465 467 469 471 473 475 a77
m/z
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Relative Abundance
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Resolution
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100

Relative Abundance
w oS (&)} ()] ~ (0] ©
o o o o o o o

N
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100

Relative Abundance
w oS (&)} ()] ~ (0] ©
o o o o o o o

N
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Resolution
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MS — Orbitra

UVPD MS/MS Scan

m/z

MPO

Full OTMS Scan

Orbitrap

lon Routing
Multipole

C om m
— » Full OTMS scan
——
= ot » 1st parent ion isolation in Q1
-Trap
EH%] » First parent trapped in the ion trap
e » UVPD in the lon Trap
" MS? scan
"4 »
y
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Hyphenated techniques

TURBOMOLECULAR PUMPS

ION SOURCE ION :
OPTICS ANALYZER + MULTIPLIER

SEPARATION (HPLC, GC, CE) >\ MPLE (MIXTURE)
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H

Determination
(QUANTITATIVE)

RT:381
IA: 1465
SN 16

henated techniques

Identification
(QUALITATIVE)

ML

'ZHEDEZ e ALMOTRIPTAN
WIS PR ¢ HPLC-UV
und1

3

20 25 30 ,
&as [min] e

o w
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ALMOTRIPTAN

HPLC-UV N

uv

10 15 22as . ;\ ?
HPLC-MS /

WWMM

MS

10 15 20 25 30

¢as [min]
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Chromatography

MOBILE PHASE

)\a ﬂ-.:. -:m:;n : NG BT T 1{@-\3 o R

*‘"'% ""."'Eff; b ""'" =~ | STATIONARY
28 Y PHASE
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GC: gas chromatography

injection

il N :
separation i gas

Resporse detection
600000 4 5
T
@ @ :
= 5 ol |
400000 S T o =
4 g, <5 E 2 \
g Q c ©
AL &
B (@] Q ol
200000 {% T ‘ 3 a \
e = c
WE LLl ” F |
= [.d 1 l\ M
U’ I JIL J IL_J \
. [RRE RRRRS REEES LEERS REREN LARAN RS EEEES RERRS RELAY LALAY REEEY EEEES ALY LALRS DALY LAREY EEEES REELY ANAN RASAN LAALY LR LAAAY ERRN ALY RARRN LA LAALY RAARN AL
Time--> 1.00 2.00 3.00 4.00 5.00 6.00
ThermoFisher
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Al
2 H

5000 5 w

o : g
Determination of 13 3
alcohol in blood e i
(headspace technique)/ I

00 02 04 068 08 10 12 14 16 18 20 22 24 26 28 30

Time, minutes san20
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GC-MS: gas chromatography — mass spectrometry

Sample

injector
/ inje .

Flow controller

N
<

——————WWaste

N

Detector

Carrier gas Column oven
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GC-MS: gas chromatography — mass spectrometry

Response

600000

yde

400000

Acetone

sopropanol
Acetonitrile

200000

n-Propanol (IS)

S Mathanol

L: Ethanol
[S—

L:j Acetaldeh

|
J

—

4

il

1.00 2.00

Time--> 3.00 4.00

RK_RAM_62_run01 #1331 RT: 16.28 AV:1 SB: 18 16.21-16.26 ,16.32-16.41 NL: 4.05E4
T: + ¢ Fullms [ 50.00-600.00]

100+
90—5
so—f
70—?

60

50

40 1442

30{ 115.1

209 1162 2251 2512

104 1432 1722

871 gg2

(=)

FALMAMAE LA LU LA LA LA LA LA T
5.00

6.00

332.0

330.0
1/334.0

304.0

302.1 | 2081

3201

separation

50 100 200

m/z

At nsans
250

350
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Underivatized Mixed
Basic Drugs

Column:

Part Number:
Temperature:

Detector Type:
Carrier Gas:
Flow Rate:

Injection Volume:

Injection Mode:

TG-35MS
30m x 0.25mm x 0.25pm

26094-1420

100°C to 325°C at 4°C/minute
(10 minute hold)

FID

He

30cm/sec

1.0pL

Split (50:1), 250°C

54

2
1. nicoting 20. bupivacaing
2. benzocaine 21. scopolaming
3. cotining 22 codeing
4. meperiding 23. momhing
5. caffaing 24. diazepam 1
f. benzphetamine Z5. chlorpromazine
7. ketamine 26. temazepam
8. diphenhydraming 27 flunitrazepam
9. lidocaing 28. bromazepam
10. phenyltoloxamine 29. prazepam — —h f
1. tripelennaming 0. acetopromazing min. 10 .0 30 L] 50 &0
12. phenothiazing 1. flurazepam
13. dextromethorphan 32, papavering
14. methadane 33. clonazepam
15. amitriptyling 4. haloperidol
18. trimipraming 35, alprazolam
17 tetracaing 6. triazalam
18. pyrilaming 37 thioridazine
19. medazepam 38, trazodone

ThermoFisher
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Configuration HPLC

COLUMN

Autosampler

PUMP AUTOSAMPLER DETECTOR

66 Proprietary & Confidential Thermo FiSher



HPLC

250 Mmm x 4.6 mm X 5 um

m Core Shell
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§ polar MP (water based) nonpolar MP (org)
§ ANNAN
AN N\ \
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Isocratic Resolution of Antihistamines
and Their Impurities on Acclaim® 120 C18

12 = Column: Acclaim 120 C18, 5 um
Dimensions: 4.6 x 150 mm

2 Mobile Phase:  (A) 50 mM sodium acetate
9 (B) Methanol
1 Isocratic: (A) 20%, (B) 80%
Temperature: 25 °C
mAU l' Detection: UV, 249 nm
1 Peaks: 1. Thenyldiamine HCI

2. Phenothiazine
3. Promethazine HCI
4. Pyrrobutamine phosphate

U——W—PMUJLJLJLJ

0 2 4 6 8 10 12 14
Minutes
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Trends: U-HPLC

UItra-High-Performance—Liquid-Chromatography

< 200 bar

™

T
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026 HPLC 2.1x 150 mm, 5 um
Rs (2,3) = 4.29

: 1 | 2
|| '|'I|| 3.-,
| Il i
2y Jl . A AS -
200 400 600 800 'Fji%fgttés' 1200 1400 16.00 130
°Y 2.1 x 50 mm, 1.7
ULTRA HPLC [UPLC® 1 Re 232428
£| | 8X Speed ’ '
U-HPLC S | | 3.4X Sensitivity |
% Same Resolution 2
; |3 Pressure up t0
a I
| 1500 bar
-, || | | | |I
i AEA

0.00

e AN A\

0.40 0.80 120 180 200

Minutes
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plynova chromatografie piiprava vzorku GC temperace  kapalinovd  chromatografie

elementarni ANALYZA  elektrochemie UV-VIS spektrometrie lyofilizatory
analyza  povrchd separacni techniky BET. GC-MS koncentratory CHNSO  analjza
REOLOGIE Hypercarb AAS  hmotnostni  SPEKTROMETRIE
ION CHROMATOGRAPHY
praqolab .. ThermoFisher

SCIENTIFIC



Autosampler

PUMPA AUTOSAMPLER DETEKTOR .
praqolab ., ThermoFisher




100+

1. Fluorid 0,1 mg/l
2. Chloritan 0,5
: 3. Chlorid 330
H 4. Dusitan 2,4
_ 5. Siran 119,0
lf\ | 30 pL/min 6. Dusicnan 18,5
WY 6 7. Chloretnan 0,5
b ﬂ 20 pL/min 8. Fosfore¢nan 1,0
T L | PR
7 min
1 2 8 ]J
=50 I 1
0 5 10
Minuty
Proprietary & Confidential Thermo FiSher
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60

nC

Column:

Eluent Source:

Eluent:

Flow Rate:

Inj. Volume:
Column Temp.:
Detection:

Gasket:
Ref. Electrode:
Samples:

Peaks:

Minutes

10

15

Thermo Scientific™ Dionex™
CarboPac™ PA20 with

guard, 0.4 mm

Thermo Scientific Dionex EGC-KOH
(Capillary) cartridge

10 mM KOH

0.008 mL/min

0.4 pL

30 °C

PAD, Au disposable, 4-Potential
Carbohydrate waveform

0.001” PTFE

Ag/AgCl

10 uM mixed standard

1. Fucose

2. Galactosamine
3. Glucosamine
4. Galactose

5. Glucose

6. Mannose
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90_ 1

Column: Dionex CarboPac PA20 with
guard, 0.4 mm

Eluent Source: Dionex EGC-KOH (Capillary)
cartridge

Eluent: 10 mM KOH

Flow Rate: 0.008 mL/min
Inj. Volume: 0.4 pL
Column Temp.:30 °C

2 Detection: PAD, Au disposable, 4-Potential
nc n Carbohydrate waveform
Gasket: 0.001” PTFE
Ref. Electrode: Ag/AgCI
Sample Prep.: 5000-fold dilution, degas
Peaks: 1. Glucose 98 uM
J L J 2. Fructose 95
Vv
0 I T 1
0 5 10 15

Minutes
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plynova chromatografie piiprava vzorku GC temperace  kapalinovd  chromatografie

elementarni ANALYZA elektrochemie UV-VIS spektrometrie lyofilizatory
analyza  povrchi separacni techniky BET. GC-MS koncentratory CHNSO  analjza
REOLOGIE Hypercer AAS hmotnostni  SPEKTROMETRIE
2020 TRENDS
praqolab .. ThermoFisher
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COTOJE?

biopharmaceutical BioLocicaL Diologic sioLocicaL
MEDICAL PRODUCTS Diologické [éCiva BIOPREPARATY
biopharma products biofarmaka biofarmaceutika BIOLOGICAL

79
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CO TO JE? PROC?

Top 10 - nejprodavane;jsi leky 2017

18
16
14
12

-UMAB

E = = biofarmaceutika ® malé molukuly -XIMAB
t
) -ZUMAB
6
‘ -ERCEPT
2
)
o -3 0 <
: s \féf \'@wp é&& "‘659 v i @ﬁ .¢‘éy o'l"# @éﬁ-
‘*“‘ & $ & " R & & & D
-&‘BF & d ..é*‘@p w*éw @A@ c}@# ; ¥ : o”e " %‘éa
& Q& o & @ﬁ Qé& 3 & #& ¢
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ANALYTICKE VYZVY

OCH,O  OH O O._CH; | mAb
(L Malé proteiny

NH,

Chemoterapeutika

Antibody-Drug

Protllatky Conjugate

Maleé _
molekuly adalimumab
A AT Cea28H0912N160401087S 46

81
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ANALYTICKE VYZVY

Antigen-
I:l_lnding

S

Light Chaing

Hinge
Region
r 55— -
55| i
CH, 3 3 CH,
Fo
‘\"‘-- Heavy Chain
5 3
CH, & § CH; Hei

Glycosylation

Fe

Lysine truncation =
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UHPLC analyza velkych molekul

» Acclaim PepMap RSLC C18, 2 um
e 75umID x50 cm

« 650 - 700 bar @ 270 nL/min
 Gradient: 3 — 50% B, 600 min

« e. Coli digest

Column wash
- 800

- 700
N
|
I
- 600

i M , Jull MHMJHJMM

1 000 piku, 10 000 peptidu

Tilme [min]l
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Integrovana kolona v iontovem zdroji

HV konektor :
nanoViper termostat emiter

EasySpray
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Integrovana kap. elektroforéza v iontovém zdroji

I

ZipChip

elektrolyt, elektrody
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Integrovana kap. elektroforéza v iontovém zdroji

Vzorek
+ napéti
O O
-+ BGE
nastrik o
separacni O
kanal Odpad
- napéti
. ES
BGE emitter

Head 1
Pressure
Sample Sample
I [
MS Inlet
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Integrovana kap. elektroforéza v iontovém zdro

arginine: 175.12

histidine: 156.08

)
o
&
¥
K
E]

o
o
&

8

lysine: 147.11

valine: 118.09

glycine: 76.04
alanine: 90.06

ne: 150.06 & 120.07

3.06

rine: 106.05

tryptophan & glutamine: 205.10 & 147.08

prolime: 116.07
glutamic acid: 148.06

tyrosine: 182.08

Y
aspartic acid: 134.05

1.0 1I5 2I0 2I5 °
1!0 1!2 1I.4 1!6 e
100 — 2,6 ) o
8 o, 2 Lys 1Lys 0 Lys Electropherogram of intact infliximab:
S = 45
3 60 = 3 ng of sample injected
2 40
3 20 =
00— T T T T T T
2 4 Time (min) 6 8
Full MS spectra from Q Exactive HF-X MS with BioPharma Option
100 5510.8 " z=25 100 IRT 2.6 mi :
=28 zoom E -6 min 2L
g 50 % 5314.1 |L JL 595[17 ) g 50 = N ys
5 0 b & 0
2 100 5506.2 S7i7.9 100 SRT3.5mi 5717.9
3 : 5946.6 5 E .5 min
< 50 % 5309.5 T & s = 1Lys
b o =
% 100 ° 31130 a1 2 100 0 5713.0
[0) ey | H
4 5501.4 : 2 E RT 4.5 min
500 § s:050 | hp JL 5 — 50 —
T T T T T T T f 0 T T T
5000 6000 5700 5720 5740
m/z m/z
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Integrovany PaperSpray

ElectroSpray

ThermoFisher
SCIENTIFIC
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Integrovany PaperSpray

—
_ - S
7 c G 0
Yo==TN- 3 O Y
8
W g j—. >
A — X
Co = !
— 8 (—' ™y
:\IJ ) ol
o . &
v O —
Do lang)
T L
C>o e
; :
o e
s ;
Fae -~ C N
— T
e g
(= O F —./
- 7
e — a —N
Do i D
DS -
G’ EES )
7 G A
o

PaperSpray

2.8 —

2.4+

2.0+

1.2+

0.8

0.4 -

0.0

Posaconazole

Range of interest

Tsa Aums

UL

T |
2 4 6
Concentration pg/mL
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Extrahovatelné a louhovatelné latky (E&L)

re—
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Extrahovatelné a louhovatelné latky (E&L)

EXTRACTABLE

Chemicke latky, ktere se
uvolnuji ze zafizeni nebo
obalu za laboratornich
podminek extrakce.

Proces nesmi degradovat ani
deformovat material.

LEACHABLE

Chemicke latky, které migruji
z vyrobniho procesu, baleni
nebo transportu do lékove

formy za normalnich | o ~
podminek uzivani. L jsou vetsinou podmnozinou E

ot praqollab ThermoFisher
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Extrahovatelné a louhovatelné latky (E&L)

» Etiketa * Obal
* inkoust « zmékdcovacC - stabilizator - retardant
- solvent * lubricant . antioxidant  horeni
* lepidlo * pigment * monomery \
* lak \ :
= Gr“" \'\ji’:ﬁ:m OQ
s i PREXU 50 g5
A o «“/'
W -
. * KrabicCka
« sterilizacni pfisada
* konzervant
* potisk
52 praqolab ThermoFisher



Extrahovatelné a louhovatelné latky (E&L)

EXTRACTABLE LEACHABLE

Testuje se material Testuje se produkt

03 praqollab ThermoFisher
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Analyticka separace

Zvysujici se vyskyt kontaminantu

HPIC — iontova
chromatografie

HPLC — kapalinova
Vhromatografie

polarita

(

GC - plynova
chromatografie

<

I

molekulova hmotnost

: praqolials ThermoFisher



Cilena a necilena analyza

—
Full-scan

1x —_—

@L__J

OCEKAVANE

PODEZRELE NEOCEKAVANE

necileny
screening

cilena
kvantifikace

cileny
screening

Rozsah
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Analyza

. GC-MS *« GC-MS h
« GC-HRMS « GC-MS/MS HRAM _
 Headspace « EI&CI o
1+ El & ClI * Library
* Library
\_ _J
X 33 -— E
£ s As
ot yod fi53ts .
’ ESI &APCI Non-volatile Elemental * LC-ICP-MS
« LC-UV or CAD » |C-ICP-MS —
 LC-MS/MS HRAM * [ICP-MS
* |C-MS » |ICP-OES
B Library ) _ P
o praqolab ThermoFisher



Komplexni reseni pro E&L

| wasssbi ﬁ- ;.rl - -
i = o=
Accelerated MS certified Headspace Advahced Advanced Robust,
solvent vials, columns sampling and Orbitrap- Orbitrap- compliant
extraction and ultra-pure compliant based HRAM based HRAM ICP-MS
technology solvents GC-MS GC-MS/MS LC-MS/MS

ANALYZA A REPORTOVANI

EXTRAKCE

o7 praqollab ThermoFisher
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Tékaveé latky

}

/

Vzorek + valve & Robustni

90
loop headspace separace

* Analogické k USP 467 oA

* Molekuly jsou obecne zname a
jednoduse kvantifikovatelné

@AU@G

kvantifikace pomoci MS

Identifikace a

Compliant data
processing

HS plastové félie

A-8.35

Ciatz 21247

98

40 45 483

Minutes
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Tékavé latky

Thermo Scientific™ TraceGOLD TG-624SiIMS GC

Columns

| A ') Thermo Scientific™ Dionex™ Chromeleon™ CDS

AppsLab
%l

Thermo Scientific™ AppsLab Library™
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Netekavé latky

Cl
C
CI” > H
H %

Volatile Semi-volatile

Netékave

33
As
Arsenic
749216

Non-volatile Elemental
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Netekave latky
janal

2 &g @

Extrakt Separace a |dentifikace s Software
detekce vseho HRAM MS/MS

* Detekce v pozitivnim i negativhim modu

- Elementarni slozeni

* Informace o struktufe (fragmentace)

« Zachytit vSe — kombinace s Corona CAD

101 praqollab ThermoFisher
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Netekave latky

omd

| ﬂ UV @ 205nm
-E'.OJ%

6 i 4' é Iﬁ 10 12 y ] ZID ;

_ Data from ESA Biosciences, Inc., Chelmsford, MA

102 praqollab ThermoFisher

SCIENTIFIC



Netekave latky

VAK 1

no0d | H uv @ 205nm
_ Data from ESA Biosciences, Inc., Chelmsford, MA
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Netekave latky

o | H
T T T T
o 2z 4 1 B

CAD
UV @ 205nm
_Data from ESA Biosciences, Inc., Chelmsford, MA : o
T —————————— A ——_——, —__—=.
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Prvkova analyza

Kovy

Cl
C
CI” = H
H

Volatile Semi-volatile

33
As
Arsenic
749216

Non-volatile Elemental
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Prvkova analyza

Extrakt Automaticka pfiprava ICP-MS Compliant data
vzorku processing

» Analogickeé k ICH Q3D a USP 232 & 233
 Stopova analyza kovu, tolerance k org. matrici
* Thermo Scientific™ iCAP™ RQ ICP-MS

- Stfibro (Ag) se uvolnilo ze 4 vaku \:\“ -
* Olovo (Pb) se uvolnilo z 28 vaku

106 praqolab ThermoFisher
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Odparitelné, semi-volatilni

Cl
C
CI” = H
H

Volatile Semi-volatile

Semi-volatiles

33
As
Arsenic
749216

Non-volatile Elemental

praqolab ThermoFisher
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Odparitelné, semi-volatilni

Extrakt Separace |dentifikace s HRAM Software
MS/MS

* EI/Cl ionizace, full scan HRMS 120k
* Moznost MS/MS

* Excelentni SW podpora

* Thermo Scientific™ Q Exactive™ GC
system

108 praqolab ThermoFisher
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Identifikace

TRACE 1310 GC Parameters

Injection Volume (uL):

1

~ Liner Single gooseneck
- Inlet (° C): 280
Carrier Gas, (mL/min): He, 1.3
*~ Oven Temperature Program:
Temperature 1 (°C): 40
Hold Time (min): 1
Temperature 2 (°C): 320
Rate (°C/min) 5.5
Hold Time (min): 12

Q Exactive GC MS Parameters

Q Exactive GC Hybrld Quadrupole- Transfer line (°C): 280
Orbitrap GC-MS/MS system lonization type: El
lon source(°C): 230
Trace 131 0 GC SyStem Electron energy (eV): 70
TraceFinder software Acquisition mode: Full scan
Mass range (Da): 50-700
Mass resolution (FWHM): 120k
Lockmass (m/z): 207.03235
109 praqolab ThermoFisher
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Identifikace

Vzorky tesneni Plechovka

A « 300 ml hexanu
. * 16 hod/lab. teplota
* B hnede « Zakoncentrovani na 1 ml
C
D

cervené

110 praqollab ThermoFisher
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Identifikace

RT:0.00 - 55.01
49.03
100+ 3 4913
90— r NL:
B 961 Iatek! 1.65610
% El TIC TIC MS
2 70— 47.84 Nestle_pk 0
g 60— 4554 o1
< 50 42,98 518
-{% 40— 49.74 '
© 17.73
< 30 2175 2458
fg_ 1138 1477 1508 | 1941 |27 l -
_ 9.4 - .
0 515 7.30 A ’\L L. J.. i N ..1 LJ. AL
100 43.99
90 2617 47.80 4908
80 NL:
o 70 11.36 4.9 2.21E8
e PCITIC 43.06 TIC MS
2 30.67 nestle_pk_0
250 17
240 4970 5312
[1+]
30 26.74 l ﬂ49.99 |
30 3979 42.07 LM -
20 — 9 /
10
0 l l l T T T | | | T \
0 5 10 15 20 25 30 35 40 45 50 55
Minutes
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Identifikace

Detekce/dekonvoluce Generovani kandidati Filtrovani, identifikace

2 3 {

v
i | a
= |H||H*5|H*J[F Y /
il
» detekci piku * hledaniv « HR filtrovani
knihovnach kandidatu
 HR
dekonvoluce * generovani * hypotéza,
viv kandidatu identifikace
« Cisténi spektra
preferovan (semi)automatizovany proces
112 pmqom@@ ThermoFisher
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Identifikace

Kombinace Sl (search index) a HRF (high resolution filtering) = hodnota skére (%)

Score| Matched Compound Formula CAS M+ El: 3ement5
k| 94.4 |1,4-Dihydrophenacetic acid,... || C18H3002 99.4959 . Yes |[Yes 100
704 | 1,5-Dioxaspiro[5.6]dodeca-7,.. C18H3202Si2 99.8259 No Yes 100
57.7 | Benzoic acid, 3,5-bis(1,1-dim... ||C17H2603 1620-64-0 58.9058 : No Yes 100
56.8 | 3,5-di-tert-Butyl-4-hydroxyph.. C17H2603 20170-32-5 58.9058 No Yes 100
554 | Benzenemethanol, 3,5-bis(1,1.. || C17H2603 14387-17-8 58.9058 : No Yes 100
513 | Monoallyl phthalate, TBDMS ... C17H2404Si 524488 L No MNo 100
44,5 | 2,6-Bis(tert-butyl)phenol, TMS... || C17H3005i 10416-73-6 356312 : No Yes 100
424 | 12-Cyclohex-3-enyl-3-methyl.. | C23H24N20 292285 . Mo Yes 100
41.6 | 6-Oxo-5-phenyl-2,3,5,6-tetrah... || C16H13N30 87365-22-8 27.7606 : No Yes 100

. > (m/z *Intenzita), q ztens
HRF skore= — x100%
> (m/z *Intenzita), ,jczene
113 praqollab ThermoFisher
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Identifikace

RT:15.86 - 16.08

1005
957
90=
857

80;

753
703
653
603

553

503

4545

403
353

Relative Abundance

304

o
prenlen

(=]

0.2

0.8

136.051

0.4
136.05183

0.9
136.05176

0.2

136.05185

0.6

0.4

0.2

0.2

136.05186

136.051

136.05183
136.051

136.05180

136.0515

136.05186| | 196.05179

0.2

136.05186 0.7

0.8

77/ \135._051 77

\ 0.2
136.05186
\ 0.2
136.05186
\ 0.4
136.05183

0.2
136.05185
oo (22
136.05183

HsC

xﬁ_@mas 0.2

\&a_._om 80

A
15.86

B R B
15.88

e
15.90

MamuL
15.92

HLAARA) LM RARA LAk
15.94

LA R LA LA AL LR B
15.96 15.98
Time (min)

T LA R
16.00 16.02

UL LA L HLARAA] LA ML B
16.04 16.06
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Identifikace

115

RT: 28.04-53.93 5
49.04
100 — k913
90 — NL:
1.74E10
80 — . TIC MS
Nestle_pk_0
70— 738 01
2 3
§ 607 4554
2 50— :
E 46.77
3 407 I 1974 el
30 — 5305
20 —
0 U Y U 015233 |
0 I I T
48 50 52
praqolab ThermoFisher

SCIENTIFIC



Identifikace

_W
173.0871 NL:
R=136688 5.03E4
C10™C2H11 O $-27489-02_PCI_001#1720
100 v v , RT: 10.53 AV: 1 SB: 2 10.49
b mereni . 10.63 T: FTMS + p Cl Full ms
80 [100.0000-650.0000]
@
g
_‘g |
= 60—
5 %]
< ] 173.0847
S 40+ R=143469
= ] C12H41 180
[1}] ]
& 20+
0- .
173.0872 NL:
R=139367 1.59E2
C10™C2H11 O C12H11 O
100 +9 i ’ :
] C12H11 O
: M+2 izotopovy klastr Ciior
80 R: 140000 Res .Pwr . @FWHM
60
. 173.0847
40 R=139036
] Ci2Hq1 180
20
0_ II"'|"'IIII T IIII"'|"'IIII T IIII"'|"'IIII T IIII"'|"'IIII T IIII"'|"'IIII T IIII"'|"'IIII TTTTTTTTT
173.083 173.084 173.085 173.086 173.087 173.088
m/z
NUM
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Identifikace — prehled

Packaging MSMS_001 #7300 RT: 2347 AV- 1 NL: 2.80E5 4
F: FTM5 + p Cl Full ms2 469.18@hce10.00 [50.00-500.00] -
383 11221
Cz1 Hig 07 = 383.11253
0 OH [s N
100; 3 0. _OH - 0.82544 ppm
903 14302322 LS
NE CeHs 01 = 149 02332 ¢ = Parent
& -0.64871 ppm J. 7(,0\(@\ 0
s 705 o o™ o n
- N o o
2 603 0 o
2 .07 + o
< 503 \ % 235.09627 %
= 403 i CiaHis 04 = 23509649
m . 1] [+]
- 3 iy -0.92622 ppm 413.122849
“ 303 6906983 0” 19110641 262.02573 C22 Hot 0z =413.12309
E - i C1g He O4 = 26202606 i
20 CoH:=69.08988 10503346 C12H1502= 19110665 339.12265 0.48350 ppm 46817770
1[]; -0.65183 ppm  CrH: 0= 105.03349 126346 ppm -1.27416 ppm CzpHis 0= = 339.12270 e
E | 027444 ppm | | ‘ | ‘ 297 03870 0479 ppm ] -0.36325 ppm
G|||'|||||||||||||||||||'|||||||||||”||||||I|||'||||||||||||||||||||||||||||||||||||||||||||||||
60 80 100 120 140 160 180 200 20 240 260 260 300 120 30 360 180 400 420 440 460 480 500
miz
©

*HO

@) O
W
O O
o) O
>/< >\\
O O

Compound Discoverer 2.0
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Déekuji za pozornost!

AET AET
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