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Introduction

 What is required for extractables testing?

« Overview of analytical capabilities for 4 extractable
and leachable analysis workflows

* Introduce NEW technology for identification and
guantification of unknown impurities




What is there to leach?

* Label
e Ink
e Solvent
* Adhesive
e Varnish
\
\\4?\
—
\s—
\ \
\ =

_—\ - Carton

* Container-Closure
* Plasticizer - Stabilizer

e Lubricant  * Antioxidant
* Pigment « Monomers

« Sterilization agent
* Preservatives
* Sealant & Ink

« Slip agent

* Flame
retardant

X

)




Extractables & Leachables

* EXTRACTABLE

- Chemical released from Inml

process equipment,
packaging or delivery month
system; under laboratory

extraction conditions.

Extractables

 LEACHABLE

* Chemical that migrates
from process equipment,
packaging or delivery
system; into drug
formulation under normal
usage conditions.

Leachables

Secondary
Leachables




Where are is the greatest concern for leachables?

4
-
(¢D]
(&)
S Parenteral
- solutions &
o suspensions.
g
c) .
8 S_mgle-use
‘ Powders for bioprocess
inhalation or equipment.
injection
. Contact
ointments,
patches &
sprays.
.Oral
tablets.
Likelihood of
packaging/product interaction
8 ThermoFisher



Analysis of Extractables & Leachables
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CI” = H
Unknowns H
come In all Volatile Semi-volatile
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Analysis of Extractables & Leachables

(. GC-MS + GC-MS »
« GC-HRMS « GC-MS/MS HRAM |
» Headspace * El & CI
 El & CI * Library
* Library
\_ C _/
CI” = H
H
- e Volatile =
= .
e
—— — e — —
« ESI & APCI o « LC-ICP-MS
« LC-UV or CAD * |IC-ICP-MS -
* LC-MS/MS HRAM * ICP-MS
* |C-MS » |CP-OES
N Library ) 9 Y.
ThermoFisher

10 SCIENTIFIC



Complete solution for Extractables & Leachables

EXTRACTION

MS certified
vials, columns
and ultra-pure

solvents

I8y

Headspace
sampling and
compliant
GC-MS

Orbitrap-
based HRAM
GC-MS/MS

ANALYSIS AND REPORTING

Volatiles Semi-volatiles Non-Volatiles

&

)1

i

o il
v

Accelerated
solvent
extraction
technology

Advanced
Orbitrap-
based HRAM
LC-MS/MS

Elemental

Robust,
compliant
ICP-MS
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Sample preparation

12




Principle and Best Practices Recommended

Regulatory guidelines: “Controlled extraction studies

- USP Chapter <1663> & <1664> should;
 Employ vigorous extraction with

* Product Quality Research multiple solvents of varying

Institute (PQRI) po|arity
- BioPhorum Operations Group - Incorporate multiple extraction
(BPOG) techniques”

g

-
Heated agitation Sonication Soxhlet Accele_rated Sr? Iyent
(2-30 days) (2-5 days) (24 Hours) extraction technique

(30 minutes)

13 ThermoFisher
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Accelerated Solvent Extraction Technique

» Automates sample preparation for solid and semi-solid samples
 Extracts above the bolling point of solvent using elevated pressure

 Extraction time <30 min/sample

Thermo Scientific™ Dionex™ ASE™ 350

« Compliant Chromeleon software control Accelerated Solvent Extractor System

3.5e9
14
LC-MS analysis of hexane extracts: Polypropylene Pill Bottle

Hexane Automated Solvent Extraction Method L) \
—— | I A

Intensity (counts)

Hexane Soxhlet Extraction

Hexane Solvent Blank

Time (min)




Accelerated Solvent Extraction Technique

» Automates sample preparation for solid and semi-solid samples

 Extracts above the bolling point of solvent using elevated pressure

Standardize, automate and accelerate sample preparation

10 12 14

Time (min)




Comparison of Soxhlet vs. Dionex ASE 350 System

Dionex ASE 350

Parameter Soxhlet System
Extract solvent used per sample (mL) 160 <30
Total extraction time per sample (min) 1440 <30
Extracted compounds Same Same

Extracts peak Intensity Ratio Accelerated

1.4x to 90x

Solvent Extraction/Soxhlet

Dionex ASE 350 system delivers faster extractions using less solvent
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Volatile impurities workflow

D. —
J
Sample with valve Robustly separate Identify and quantify Compliant data
& loop headspace using MS processing

* Analogous to USP 467 Residual ;
solvents workflow T —
- Molecules are generally known, or - ,,/
simple to identify  ~
* Routine compliant quantification
18 ThermoFisher



Complete technologies for volatile impurities

Thermo Scientific™ TraceGOLD TG-624SiIMS GC
Columns

" ') Thermo Scientific™ Dionex™ Chromeleon™ CDS

N~

Thermo Scientific™ AppsLab Library™

ThermoFisher
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Volatiles headspace analysis

Replicate headspace _
of plastic film » Methods available on AppsLab

* One click Chromeleon eWorkflow

* Full quantitative and qualitative

pA

[t
] .
®
=<
cmadmin -15Q_FULL_SCAN (Saquence) - Chromeleon Chiomatography Studio x
@
. Chromatogram | = Processing Method  [if] Contour/3D Plot Pt Plot &> Component Traces dp
- = |+ calibration Plot 5i] Peak Properties [ Uv-Vis Spectra Injection Rack -
Link Panes
ontour & Res. = [Interactive Results 4" Interactive Charts |4, Fluorescence Spectra Mass Spectra
Panes Linking
wnknawnd TIC |, . Apexp-Terphenyl-d14 RT: 11,39 min NL: 3608006 + ¢ Full ms [35.00-500.00]
%
pre 20413
‘l l 80
50
»
O I ! I I I I I I ! | &
& @
5
0 5 10 15 20 25 30 35 40 45 48.3 L adr
M' te - . 12201 2ekie
105 wrknown2 . I s bl ol el
11 ) unknown3 - mz
L i % p-Terphenyl-ais RT: 133
o =« filer ¥ i i
/. MS Quantitation - 1.0e7
Tic &
4 Components =~ Fiter 7 L[} 00e5 |
¥ Pentachlorcethane
% 1.3 Dichlorobenzene
¥ 1.4 Dichlorobenzene-d4
% 1.4 Dichlorobenzene
# 1.2-Dicholorobenzene. 20
% Hexachioroethane l
3 Nitrsbenzene 45 Ll ol
3 124 Trichlorcbenzene o
¥ Naphthalene-d8 %
¥ Hexachloropropene 0
Y
&
50
s
|
12207
20 24548
’ u pcdond ol ol lJIH
/ e Sener—. "
/ - = ) T 7 T 7 =
1082 1080 1100 1120 1140 1150 1130 1200 1220 123e 1 E) 160 180 200 260 o

| cmadmin: Full Access
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Volatiles headspace analysis

90-
Replicate headspace

of plastic film » Methods available on AppsLab

* One click Chromeleon eWorkflow

* Full quantitative and qualitative
mass spectral analysis

pA

1-23.82

A-8.35
1-12.10

« Simple, robust, routine, compliant analysis
« Methods freely downloadable

e REEET LY
r =z oo
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Non-volatiles unknown identification workflow

.@D

Extract Separate and Identify with Software to
detect everything confidence of search, elucidate
HRAM MS/MS & confirm

« Catch everything with orthogonal detection
 Detect in both positive and negative ion mode

« Have absolute confidence in elemental composition
* Get full sub-structural information

- Search wide variety of data sources in parallel

23



onfidently go from spectra to structure

[—— [ -

« Thermo Scientific™ Compound e

Discoverer™ Software o —

- HRAM MS/MS spectra R -

- Compare batches and replicates |

« Search multiple databases in parallel
including mzCloud.org : o

- Deliver one unified report e S :

&) Compound Discoverer 20.0.244 i ol o

Fie feportng Liranes View Felp
B B 6d, TIEREEADREE, DA, ¢ SR e,

€ Start Page * [ /il O-Ring Leachable * [ o-ring leachable-oct28 % (13} Consolidated Unknown Compounds (fitered) * | el
Crvomatograms = 8 | Mass Spectrum - x
4 ColorBy: > olvent 100EIGH otvent 109108 »)  A_Red_100EIOH_3 #6291 RT=30.178 min, FIMS -

3¢ [M~H] -
9.275 min, FTMS (+) C8 HIE N O as [MeH]}+1

3 Sohvent Ging Black. Ging Brown =
% 0-1ing S I0OEIOH S o 2 #6316, RT=39.275 min, WS ()
Repiicate
- Samphe
4 Filter B
i ) Sobvent
=) O-ing \ =
. T Replcate 4 . -
v e ) Sample 2842
= - - - 0 -
388 39 390 381 38z 383 84 385 386 W7 201 252 283 20 25 286
e RT i) miz =
. 0 vl = T m :
- ; = Compounds per File || Merged Features || Festures || Custom Explanations || maCioud Resuis || Chempicer Results || Mass st Scorch Resuls || Specaiced Traces
i A i | Chacked Name Predicted Formula Molecular Weight| AT fmin] | Ares (Ma) | # ChemSpider Resuts # maCloud Resuits| mzCloud Best = | Mass List Matche: 5] | Group Aress ]
Trdemorph cioHINO 20| 4o M 3 1 00| 25763 12003 22203 237032003 2300 82308 22203 23003 A2 20503
= | Bit2-athylhesyl phthalate [cramasnacse 027577 | 46456 1080183 o 3 %0 Soses 25305 27768 20705 28308 323 3sdes 204e8 23505 S1505 29805

.||
78

Intensity [counts] (10°6)

Intensity jcounts] (10°9)

1

2 L]

3 Hesadecanamide Cl6H3IND 25525546 | 38516]  27sessal z 1 9|l L8604 2090820704 20064 24104 2544 B020E| 45104 45004 (LT 12204

- s e ] =] = 5 wall v e P e e POl

s = 4-Dodecylbenzenssulfonste C16H30035 32619142 | 3a051 10909 3 1 L] L35 33705 57045 7435 82505 755 65765 RENS 34145 876e5 B52N5

6 = ¥ | Bsi-butosyethyl) adipate |cisvas0s aaz3e | 316|  eseaont z 1 L] 7ase3 18004 82503 103 (10005 | 15004 [HERRR| 15004 19504 [SRRRH] 1000

7T = NN-Dieyelohexy C13HAN20 22418833 21397 478077 & 1 [] 33403 30903 | 2803 15603 TATed L343 4478 28303 1636327003 21063

8 = 35-di-tert-Butyi-4- wdrmybznu\dzlc H2202 234.16137‘ 30078| 1026228 34 1 L] 31500 12504 L5led L7764 Slded Lided E5Te5 Alded 43004 dSeS 17Ind

B Citrofien 44 [cunssor: soazsa esm| 33505 s L L] 56704 6078t 63008 843et G150t 60404 ISHAS 5300t 5000 121t SIS
e - e —— - o lm e e R

H r ChemSplder ) bide Rlated Tabes

. [ENUPEMNPN | Compounds per File || meCloud Resuits || Chemspider Results || Mass List Search Resuits
Search and Share Chemistry

#  Chacked Formula Molecular Weight| AMass [Da] | AMass [ppm] SFit [5] = |# Ml = |RDBE

1 & CIBH3SNO 28127186 | -0.00073 250 72 4] 20

) Show Related Tables
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https://www.mzcloud.org/home.aspx

Confidently go from spectra to structure

* Thermo Scientific™ Compound
Discoverer™ Software

« HRAM MS/MS spectra
« Compare batches and replicates

« Search multiple databases in parallel

« Unambiguously confirm structures and substructures with
absolute confidence

€15 H22
|cza HIEO P2

ChemSpider

. Compounds per File | mzCloud Results | ChemSpider Results | Mass List Search Results
Search and Share Chemistry = ==

Molecular Weight| AMass [Dal | AMass [ppm] SFit 5] = |# M1 = | RDBE
28127186 | -0.00073 250 72 4] 20|

ThermoFisher
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https://www.mzcloud.org/home.aspx

Quantify non-volatile extractables — Irganox1035

26

o
@

Ar

Y = -65196.7+5.51007e+006*X RA2 =0.9991 W: 1/X
550000000 .
5000000009  [M+NHA4]* m/z 660.4293
4500000005 Levels: 0.05 - 100 ppb
400000000
350000000 s -
3000000003 EEEEEEE'E
250000000
200000000 /
1500000007 7/
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500000003

0: T [ T 1 |

0 20 40 50 80 100

503 FICM _Sgpt Px 3 . Rase
FFTie+ 31 60 i 1807 93,862 0

e iy

50 ppt
(Triple Injections)

Detect in positive and negative ion mode in the same run

ThermoFisher
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Quantify non-volatile extractables — example Irganox1035

27
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Full sensitivity in negative ion mode
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See what you're missing with Charged Aerosol Detection

 Detection without chromophore

+ Quantify without exact standards

 Relative quantification due to consistent
response

» Use virtually any standard for simplified
AET calculations

- Consistent analyte response

 Four orders dynamic range

Loy

e

Released 2015

Comparison of Charged Aerosol
Detection to UV and MS

(1 i)
Void + CF m\ Ketografen 7‘“""
' ' Charged Aerosol
Detection
MS TIC

UV at 220 nim

LY at 254 nm

[\ [+ ion scan 150-500AMU)|

Thermo Scientific™  Full integration with Thermo Scientific™ Vanquish™ . b -
Vanquish™ Charged UHPLC platform, slide-in module design, reduced .:]' 1]|5 : 115 2l
Aerosol Detector flow path for optimum operation ' Mingtes
ThermoFisher
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CAD for extractables and leachables

IPA blank
a.ma::
0.008
umni
uw:
ama;;
i ﬂ UV @ 205nm
-I:-.OJ%
1] i =|1 é IS Y m p: 30

Data from ESA Biosciences, Inc., Chelmsford, MA

29
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CAD for extractables and leachables

IPA blank

Rubber

0024

1 0024
0002

| = o CAD
-0

T T T T T |

[ 2 4 6 & 10

0014
iy

Data from ESA Biosciences, Inc., Chelmsford, MA
20 ThermoFisher
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CAD for extractables and leachables

IPA blank
ol Rubber
Butyl Rubber
D:Iew NA

CAD
UV @ 205nm

Data from ESA Biosciences, Inc., Chelmsford, MA

31 ThermoFisher
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CAD for extractables and leachables

IPA blank

UV @ 205nm

Data from ESA Biosciences, Inc., Chelmsford, MA




CAD for extractables and leachables

IPA blank

- “able to detect and measure a large number of compounds
that were completely transparent to UV detection.”

UV @ 205nm

Data from ESA Biosciences, Inc., Chelmsford, MA




CAD for extractables and leachables

IPA blank

- “able to detect and measure a large number of compounds
that were completely transparent to UV detection.”

UV @ 205nm

Data from ESA Biosciences, Inc., Chelmsford, MA
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Elemental impurity workflow

Extract Automated dilution and Organic tolerant Compliant data
standard preparation ICP-MS processing

» Workflow analogous to ICH Q3D and USP 232 & 233

« Demands organic tolerance and robust trace analysis
» Polymer, extraction solvent and cell media

* Thermo Scientific™ iCAP™ RQ ICP-MS with prepFAST
* Thermo Scientific™ Qtegra™ ISDS software

36



Analysis of pharmaceutical valve o-rings to USP 232/233

« Calibration Range: between 1000-fold and 10-fold dilution of lower limit
* R? better than 0.99

 Sensitivity Verification: Analysis @ 0.5x lower limit
« +30% of prepared concentration

L&

» Accuracy Check: Spike recovery of a 0.2 mg/L solution after complete
sample acidification routine

« £20% of expected concentration

« Drift Check: Standard 2 (500x dilution) was analyzed every 10 samples
« £30% of prepared concentration

(1 SM|THERSu
‘))’ R APRA

37 ThermoFisher




Analysis of pharmaceutical valve o-rings to USP 232/233

Home Page M | Example Reporting Labbock 3¢
En'o' Cmﬂe'ESQiE G' #Y Column Filter ~
-

6/17/2013 6:02:16 PM cca 105.1% 0014 0016
22) E/17/2013 6.06.04 FM|UNKNOWN 50205 MDL BLANK B6.5% 0% 0.017 T% 0.012 97.3% 0.028] 55.1%
"8 Analytes 23 &/17/2013 6:08:52 FM|UNKNOWN 50205 MDL 1 B6.9% 27% 0532 948% 0.100 97.9% 0.153) 101.0%
i Acauisition parameters 24] /172013 6:13:41 PM|UNKNOWN 60205 MDL 2 B79% 941% 0517 948% 0082 97.2% 0132 59.2%
Lz 25 61772013 6:17:30 PM|UNKNOWN B0205 MDL 3 EE0% A 0561 97.0% 0.102 BT% 0.143] 100.4%
[~ Qt Monitor Analytes 26]  6/17/2013 6:21:18 PM|UNKNOWN 60205 MDL 2 86.9% 7% 0508 947% 0.073 973% 0155 S86%
8, Survey scan setings zzl /1712013 6:25:08 PM|UNKNOWN 60205 MOL 5 87.8% 938% 0502 6% 0,087 981% 0134] 59.4%
- L Interference correction 28 E/17/2013 6.28:57 FM|UNKNOWN B0205 MOL & B55% S28% 0511 935% 0.081 97.2% 0123 100.5%
tandards 28] E/17/2013 6:32:45 FM|UNKNOWN 50205 MDL 7 B6.7% 918% 0554 940% 0.105 531% 0.144] 100.1%
| & Queniification 6/17/2013 6:36:34 PM|UNKNOWN 50205 MDL & B48% 90.7% 0509 94.8% 0.081 96.9% 0.132] 100.2%
9, Raios 31| 61772013 6:40:23 PM|QC - CCV. =] 91.0% 968%| 204956 (1025%) 96.8%| 206580 (103.3%) 980%| 201981 (101.0%) 59.8%
/1712013 6:44:12 PM|UNKNOWN CCE 545% 97.4% 0.058 96.0% 0.045 95.8% 0.045] 55.4%
2 Quality Control of 3| 61772013 6:48:00 PM|UNKNOWN ccB %6.2% 9B E% 0052 9%BE% 0053 945% 0.059 B7%
a2} Evalustion Results o 34| 6/17/2013 6:51:39 PM[UNKHOWN 60205 halfMDL BLAN B46% 30.1% -0.004 922% 0.005 96.6% 0.022 100.3%
o 35 G/17/2013 6:55:28 FM| UNKNOWN B0205 halfMOL 1 B1ES B 0267 EERR (] 0% 0068 59.3%
Concentration Ratios o} 36 &/17/2013 658:16 PM|UNKNOWN 5020 halMDOL 2 B27% 89.0% 0.258 2.3% 0.029 975% 0.065] 59.3%
— o 3:7‘ 6/17/2013 7-03:05 PM|UNKNOWN 60205 haliMDL 3 B23% B8.8% 0258 27% 0.045 %1% 0.070) 986%
o 38 &/17/2013 7.06:52 FM|UNKNOWN 50205 halMDOL & E24% BB0% 0.280 90.0% 0.037 958% 0.063] SE0%
s 38 6/17/2013 7.10:42 FM| UNKNOWHN G0205 halfMDL 5 B20% B81% 0267 B9.4% 0036 BE5% 0064 SE7%
Ng, Survey Intensities o} 40 6/17/2013 7:14:31 FM|UNKNOWN 50208 halfMOL & 825% E78% 0253 90.4% 0.044 94.4% 0.068] 59.5%
g, Survey Concentrations o &1 /1772013 7-18:13 FM|UNKNOWN 50205 halMOL 7 E2E% BB0% 0.251 927% 0.025 95.0% 0.062] SE5%
L Specta View 22 &/17/2013 7-22:08 FM|UNKNOWN 50205 halMDL & E25% BB0% 0.256 27% 0.034 95.5% 0.062] SE6%
R Gl 43 &/17/2013 7:25:57 PM|QC - CCV [5] 89.1% 920%| 207.303(1037%) 954%| 203082 (101.5%) 965%| 203.752 (101.9%) EF 57
[ ap—— 22 /172013 72945 PM|UNKNOWN CCB 525% 943% 0078 939% 0072 938% 0.085] [EEA
2 Sample it E/17/2012 7:33:32 FIA CCE 96.4% 0.05% 0.054 0.058]
[ t=
2 Log Messages
I Signing o T5As (KED) 111Cd (KED) 208Pk (KED) | 73| | <= Add Comment

»

£ Query

| L’E_":D Bz 200 ‘ ©  75As (KED) < 111Cd (KED) 208Fb (KED) | Siatus: Success w
D_E_'fe Reports ! T ! ! T ! ! Creation:  Added during rurtime
Description
Comment:
Starttime:  6/17/2013 7:25:57 PM =
150 B Stoptime: 6/17/2013 7:29.45 PM
User name: iCAPGQ-PCNCAPQ
0}
= Quality cortrol
g 100 -] 2 CCV test passed
2 pass
8
ﬁ:. Reason: Concentration in range for 7L (STD): 210.8259 ppb (105.41%).
Concentration in range for "9Be (STD)" 210.5633 ppb (105.28%).
50 - Concentration in range for "10B (STD): 203.7010 ppb (101.85%).
Concentration in range for '23Na (KED): 2629.1815 ppb (105.17%).
Concentration in range for '25Mg (KED)": 2528.8460 ppb (101.15%).
Concentration in range for "27A1 (STD)": 199.7484 ppb (39.87%).
0 I } I I } I I Concentration in range for '285i (KED)": 2629.8458 ppb (105.159%).

Concentration in range for "39K (KED): 2405.5280 ppb (96.227%).
10 15 20 25 30 35 40 Concentration in range for '43Ca (STD): 2507 4377 ppb (100.30%).
Sample Number Intemal standard recovery in range for 455¢ (KED) (89.10%).

a8 ThermoFisher
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Analysis of pharmaceutical valve o-rings to USP 232/233

Example Reporting Labbook X

En'o' Create ~ lE)@%iEE S' ﬁf Column Filter ~
Content Concentrations
rl_F". Summary
4|, iCAPQ
4 ﬁ Method Parameters
fig Analytes
fé' Acquisition parameters
Gt Monitor Analytes
ﬂ_‘) Survey scan settings

Time Sample Type w Label w 78As (KED) [ppb] + 111Cd (KED) [pp +

/1772013 6:02-16 PM ummon-m % 0014 1035% 0016
SH :

B00SHOL2
—mm

i’E Interference correction

iG] GGG G

All QC parameters automatically reported
 High concentration samples automatically

* Full compliance and automatic reporting

Reason: Concentration in range for 7L (STD): 210.8259 ppb (105.41%).

Concentration in range for "9Be (STD)" 210.5633 ppb (105.28%).
Concentration in range for "10B (STD): 203.7010 ppb (101.85%).
Concentration in range for '23Na (KED): 2629.1815 ppb (105.17%).
Concentration in range for '25Mg (KED)": 2528.8460 ppb (101.15%).
Concentration in range for "27A1 (STD)": 199.7484 ppb (39.87%).
Concentration in range for '285i (KED)": 2629.8458 ppb (105.159%).
Concentration in range for "39K (KED): 2405.5280 ppb (96.227%).

25 Concentration in range for '43Ca (STI 507 4377 ppb (100.30%).

Sample Number Intemal standard recovery in range for 45>c (K.ED] a9 10!)

™ Scheduler B Completed LabBooks

208Pb (KED) [pp +

diluted

ThermoFisher
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Semi-volatile impurity identification and quantification workflow

Extract Separate Identify with confidence Software to
of HRAM MS/MS search, elucidate
& confirm

- Deconvolve, identify and quantify even the
narrowest GC peaks

« Unambiguously calculate empirical formulae -—p ll
without needing to average scans !— 1

- Simplify data review and report

e

|
|

m
5 |- |-

i

* Thermo Scientific™ Q Exactive™ GC system
 Thermo Scientific™ TraceFinder™ software

41



Detect, quantify and identify at any concentration

RT. 480
A4 4957
Shl INF

a0 x12 injections

10fg OFN on-column

Relative Abundance
(4]
[}
|

0 Detection limit = 2 fg I
I |

Low fg on-column LODs

T EE—E———— Injection Number

Peak Area

6000

5000

4000

3000

2000

1000

0

0

2

4

6

8

10

12
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Detect, quantify and identify at any concentration

10,000,000,000

1,000,000,000

100,000,000

10,000,000

1,000,000

Area -Blank

100,000

10,000

1,000
10

OFN 10fg - 10ng

100 1,000 10,000

>6 Orders Linearity

Amount Injected (fg)

y = 295.06x02343

100,000

R%=0.9999

1,000,000 10,000,000

i 087 Low fg on-column LODs
00— S INF
3 . . ™ T
a0 x12 injections e .. Ve -‘ v
503 ¥ - g . .
;.rg_: 6000 v " . [ L - .- L] ;
E BD—E 5000 . . L] . i p ' L v 9 .._ "“..
% 503 10 fg OFN on-column g oo : * | = P N/
= B < i
203 Detection limit =2 fg I > -
3 1000 ) .
10
DE J-‘L ’ 0 2 4 6 8 10 12
—\w
ThermoFisher

43

SCIENTIFIC



Detect, quantify and identify at any concentration

S-SRI >6 Orders Linearity

10,000,000,000

y = 295.06x02343
RZ=0.9999

1,000,000,000

100,000,000
£ 10,000,000 Always low mass error
o
5 1,000,000 3
<

100,000 2

10,000 1

1,000 .

10 100 1,000 10,000 100,000 1,000,000
Amount Injected (fg)

Mass Error (ppm)
o
L
(__
L J
{_J
@
{_
{_J

e — -2

RT. 480
A4 4957
Shl INF

Low fg on-column LODs 10 100 1000 10000 100000 1000000 10000000

-
o
o

Amount Injected (fg)
x12 injections

6000 v

5000 s . .

w
=

L e I e
[ o N

10fg OFN on-column

4000

ey
=

3000

()
=

2000

Peak Area

5]
=

Detection limit = 2 fg I
J-‘L OU 2 4 6 8 10 12

T mm———, Injection Number

-
=

Relative Ahundance
(4]
[}
IEERARTRRANRTRRRRRTARRRR Y INNRARTRRR RRRRE RRRTY RNEI

=
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Scan speed and accurate mass error across a peak

m m O-ring extractable impurity
Measured Mass
129.09103 Ethyl octanoate
| m/z 129.0910
1003 m 129.09108_ 129.00105 m
903
807
o 707
O =
c E
3 603
c G
= E
2 50°
) E
= =
=403 12909106m
o g /
O
R | 0.62 RERKEING 129.09105 [N
_g m129 08106 129.09108 m
105
£ m 129.09106 129.09108 m
O R L R L L Ly L L L L L L R L L L L LA L L L My ) R R ) A Ly B R Bl By AR L) RARS Kby RAM KAL) RAnd RN RAa Ry AR AR Al Al ol
7.79 7.80 7.81 7.82 7.83 7.84 7.85 7.86 7.87 7.88 7.89

Time (min)
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|solate peaks of interest, identify with confidence

Q Exactive GC Plugin

View Help
* Heat map shows
H m
2 - | = - - 4 #h-
.
Component Reference n
Status Sampl R
eaks elevated “I S Name RT % e Area Score Matched Compound Formula cAS q |HE M mjz e | D
Score lib  Elements
v [03)une15.011 Tetracosamethyl-cy... | 17.090 35506995 162539
[03June15.008 [[v |7 17486 27707800 1618639744 756 |Tri ine oxide | C18H150P 791.28-6 806 |98.774 |278.0855 |No Ves |100
S am Ie Ve rS S CO ntrol Peak@1751658 | 17.517 22504291| 2755347 755 | (C iphen.. BrC22H2202P  1530-45-6 779 998222 43805353 No No |100
u Peak@1750208 17,503 22702216 001776 726  Dimethoxymethyl-hydroxy-. || C21H2303P 635 |998202 (35413793 |No Ves |100
5-Chioro-2-hydrax.. | 17.759 2702216 625935 714 Hexanoic acid, 35-dioxo-2.. || C25H2304P 26535320 573 998222 41813284 No Yes 100
T oy 17777 2108437 1468623 707 | Triphenyl-[2-hydroxy-5-nitr... | C25H2INO3P 537 |99.078% 141412535 |No | Yes |100
e - - - e e Ranznic arid ). £10U1ENID 17761.79.9 21 009777 2Nn& NanA1 N Vac 1inn
1

Normalized

Component spectrum
BP: 277.078 @ 8.48E+
Data Review - Smithers Brown Ring 100% Ethanol [Unknown] 2.50E+008 80
2.00E+008
1.50E+008 60)
1.00E+008 mz: 199.03082
. 03Junel5_011 03Junel5_008 m
=] Retention Time M/Z MS Area MS Ares J 5.00E+007 C(12)12 H8OP
0.00E+000 — [
= - = - 1741197 1746197 1751197 1756197 1761197 1766197 1771197 5
1 1749 277.078 3 0| 8 - "H . i . i . - !
= £
2 416 225,043 [=] E 20 s
o
3 414 225,043 -
skl ) e FragmentID Theo m/z Mass error (ppm) M+ -0
4 1542 183.036 m/z -
5 510 151.024 22809361 7238504 | C(12)18 H12 | 228.09335 113988 False = 50
6 456 151004 21905710 12007004
’ 21704144 32428777 €0
7 1110 219174 2 20204974| 22660409 | C(12)11 C(L.. | 202.04972 |0.07523 False B
8 5.66 149.063 _ 20104649 177207313 C(12)12 H1. 20104637 0.59688 False 83.35711 13335711 183.35711 23335711
9 567 149,063 20003413 61698311 || C(12)11 C(L.. |200.03407 |0.27595 False
10 550 139042 [V"|  199.03082] 500792561 || C12)12 H8.. |199.03072 [0.50243 False - Library spectrum
11 4.69 91.021
12 478 119.052
14 539 163060 35,099,513 8379623 ° . . B
s wson [0, arone: . Impie intuitive
Group Averages w I X § Peak Chromatogram v I X - -
data inte rpretation
35707634
|| RT 5.39
somores AA- 35099513 25
AH: 38569316.77
25707634 — 100
z . .
itk - Easily quantify
=
15707634 = é 60
E
T
10707634 | = 40
oree L I | 1
Control Brown Ring
O T T T T T T T T T T T T T T T T T T T T e T e T T T T T T T T T T T T T T T
5 515 520 525 530 535 40 545 550 555 5.60
i‘“ﬁmp\e Peak Overlay Group Averages Sample List RT(min)
Fxnlorer min
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High Resolution Filtering

Candidate Sub ¢
Compou nds u Set Acqm/z Fragment ID Mass Error
formulae (ppm)
O C H 147.9477 CsCloH,0 . 0.20277
3 148.9369 CsCI[37]CIHO .
149.9448 | C:CI[37]CIH,0 .9448 | 0.06602
C I 151.9419 Cs[37]Cl, H,0 .9418| 0.72528
154.9895 C;CIH40; .9894  0.38712
—_—) C8H8CI 202 155.9974 C;CIHs0; .8973 | 0.89745
157.9943 C5[37]CIHs04 .8943 1 0.25381
CI 159.9479 CsCloH,0 . 0.87529
161.9446 | Cg CI[37]CIH,0 .944g | 0.80213
162.9711 C6ClLHs0 ) 0.36816
H CO 163.9745 |  €5[13]CClHO . 0.3342
3 164.9682 C5CI[37]CIHs0 ) 0.24186
165.9716 |  CsCCI[37]CIHsO . 0.02832

Z (mIz *I m:enSity)explained

HRF Score= — x100%

Z (mIz *IntenSitY)observed

a7 ThermoFisher
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Confidently identify

Combined SI and HRF values give an overall score (%) to quickly and confidently
identify the compound. Eliminates other hits that would be valid if only S| used.

Peak ntification

M+ %

Scorel| Matched Compound Formula CAS Score M+ Lib Elements
944 | 1,4-Dihydrophenacetic acid,... | C18H3002 ’ 99.4959 . Yes Yes 100

704 | 15-Dioxaspiro[5.6]dodeca-7,.. Cl8H3202Si2 99.8259 MNo Yes 100

57.7 JBenzoic acid, 3,5-bis(1,1-dim... | C17H2603 ] 58.9058 : No Yes 100

56.8 | 3,5-di-tert-Butyl-4-hydroxyph... | C17H2603 20170-32-5 58.9058 MNo Yes 100

554 [ Benzenemethanol, 3,5-bis(1,1.. | C17H2603 14387-17-8 58.9058 : No Yes 100

51.3 | Monoallyl phthalate, TBDMS ... | C17H2404Si 524488 L MNo No 100

445 |1 26-Bis(tert-butyl)phenol, TMS... || C17H300SI 10416-73-6 35.6312 : No Yes 100

424 | 12-Cyclohex-3-enyl-3-methyl... | C23H24N20 No Yes 100

41.6 B6-Oxo-5-phenyl-2,3,5,6-tetrah... || C16H13N30 87365-22-8 No Yes 100

ThermoFisher
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Confidently identify

Combined SI and HRF values give an overall score (%) to quickly and confidently
identify the compound. Eliminates other hits that would be valid if only S| used.

Peak ntification

» Simple unambiguous identification

Imh&_— 235 2J.2280 [saadsssl Noo Yes U
6-Oxa-5-phenyl-2,3,5,6-tetrah... || C16H13N30 55 1977606 196310531 |No | Yes
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