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‘ PMI 5C ENCE

Reduced-Risk Products (“RRPs”) is the term the company uses to refer to products with the potential
to reduce individual risk and population harm in comparison to smoking combustible cigarettes.

PMI's RRPs are in various stages of development and commercialization, and we are conducting
extensive and rigorous scientific studies to determine whether we can support claims for such
products of reduced exposure to harmful and potentially harmful constituents in smoke, and
ultimately claims of reduced disease risk, when compared to smoking combustible cigarettes.

Before making any such claims, we will rigorously evaluate the full set of data from the relevant
scientific studies to determine whether they substantiate reduced exposure or risk. Any such claims
may also be subject to government review and approval, as is the case in the US today.




Outline

 Smoke as complex matrix

e GC-HR-MS instrumentation

e Our workflow for complex matrix characterization
 Modeling of Linear Retention Index

e Creation of library with predicted LRI

e Case study (2 examples)

e Conclusion and next steps
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PMI Science

« PMI i1s working on various Reduced Risk Products delivering
nicotine containing aerosols

 In this context it is Important to fully characterize the
chemical composition of these aerosols, In particular aerosols
produced by heating tobacco compared to smoke from
cigarettes

« For analytical method development purpose, we use a
reference cigarette (3R4F)
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Generation of complex matrix

 Reference cigarette: 3R4F*
 Smoking regimen: Health Canada
2 sticks

Puff volume: 55mL

Puff duration: 2 sec

Puff interval: 30 sec

Puff count (butt length)

YV VYV

2 cold impingers in series
ping * University of Kentucky (Kentucky Tobacco R&D

Center). http://www?2.ca.uky.edu/refcig/

Filter is extracted GVP - Gas Vapor Phase

I

TPM - Total Particulate Matter » \Whole smoke

 Smoke sample generated on a linear smoking machine

e The cambridge filter is combined with the impingers ——=) Whole smoke
a PMI SCIENCE
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Analytical Technique: GC-High Resolution (GC-HR-MS)

GC-HR-MS_2
GC-HR-MS_1 (7200B Agilent Q-TOF-MS)

(7200A Agilent Q-TOF-MS)

Apolar and polar

Volatile and semi-volatiles 3 LRI from 1,000 to 3,000

LRI from 500 to 1,900

IHE> Goal is to screen the broadest range of smoke constituents.

Non-Targeted Screening PMI SCIEN
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Automated Workflow for Identification in Complex Matrices

x108 +EI TIC Scan 160323_3R4F_004.D
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. Compound Name Formula

Cycloprogiaindere, 1,1a,6, fa-tetrat C10H10

334 Naphthalene, 1,2-dibydro- CLUH10
F-Hexanone, I, 2-dimethyl- CEHLBD
356! 3-Buten-2-ol CAHBO
357 Mapbthalene, 1,7-dibydre (ST
358 gyeorine-monoacetate CSH1004
339 1H-Indens, 1,1-dimathyl- Cl1H1Z

&i-Pyran-d-one, 2, 3-diydro-3,5-dib CoHI0L
OE)-(+)-2,7-Cpoixy-4,0-meg: CLIHI00

C10HE
2{1H)-Fyridinane, 3-mathyl- CeHD
Cyclohexylamine CEH13M

365 3-Hydroxypyridine CSHSMO
CERHL0D
7 3ty phenol CRHING

s-acetyl-s-hydroxy-3, 7, -trimethylb C13H1404
59 Dutanoicacid, 3-methyl-, 3-methyl-3 CLOM1GO02
370 Phenol, 3-amino- CEHTND

(ST
CBHL0O

LAY

sarcnsine, N-methoxycarbor CISH2ENZOS

1S677-15-3
A47-530
S405-73-8
596-32-3
447.53.0
106616
18636000
10564-03-2
106342-25-2
51.20-3
1003-38-1
108-91-8
103-00-2
122.079
E20:17-7
+2183-01-4
§4410-94-5
591-27-5
1000314-83-0
B 505

FobB

c t Ubrary Delta Match
omponent Lbrary Del ™ pibrary File

L L =Rl = Factor =

120402 97.1 NIST14.L
1140 BLe MISTIAL
121805 711 MIST1AL
1220.75 654 MIST14L
1222.51 £2.9 MIST14.L
1226.70 123296 6.25

1232064 4.6 MIST1AL
1237.20 T35 NIST1AL
1246.27 96,0 NISTIAL
1755.06 1757.68 2.62 7.9 Fingy
129671 B4.6 MISTIAL
12e0.70 86,2 MISTIAL

126445 127207 762
1275.28 127998 46l
1279.84 128200 2.18

1i83.82 B2.0 MISTIAL
1296.49 65,5 NIST1AL
129861 60.7 MIST1AL
1299.86 £F.4 MIST14L

RETL NI BTNy N
130135 130207 0.71

46.3 Fingeerprinting, DBE24.xml

ntirg, DB&24. el

52.0 Fingerprinting_DBG24.xm|
76.4 Fingerprinting_DBE24.xm|
6.3 Fingerprinting, DBE24.xml

740 Fingerprinting_oge2a mml
0.3 Fingerpnnting_DB624.xm|

Component

- Ares -
1776138
1365794
Zmgan
31516
182093
1153940
142832
3220141
623013
SR7905
|a134
AT
3563362
1584472
143776
S98eT3
2090746
7103
263351
AHZ1A

FERELE]

* Stop when identified:
=» DB-624 Accurate Mass Library
= Compound library
=>» NIST 14 or Wiley

e Export .cef and review
e Purchase of ref std if available

PMI SCIENCE
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Purpose

The present work focuses on building a relevant library containing LRI prediction.

 To predict LRI we used two softwares: @""P'd""“e’
1. RapidMiner-Dragon ('%‘,'?
2. ACD/Labs ChromGenius et fatis

» To build a relevant LRI prediction system 552 molecules were used:

1. Experimental LRI
2. Quantitative Structure-Property Relationship (QSPR) and structure similarities

The experimental linear retention indices were randomly split as training (n=401) and test

(n=151) sets.
Validation set (n=23) confirmed the great performance of both prediction models.

£

PMI SCIENCE
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Assessment of the Prediction Models (Test Set and Validation Set)

—— 2.
RapidMiner values IO . R7:0.949 ACD/ChromGenius values , .- R?:0.976
& e ° A -
. n
1e0 Based on structural : :"' 100 Based on structure % ves
E descriptors (QSPR% ot Y E similarity . 3: "
oS . = Nﬁ
& 1,200 $ (3* ¢ 5 1200 o 3
_: ié . _
5 [} L L] - L E [
AA A,
800 4;.. 800 .
6‘. '
800 1,200 1,600 800 1,200 1,600
LRI experimental LRI experimental
180% ® = 180%
T 160% RapidMiner values 2 160% ACD/ChromGenius values
£ 140% 2 140%
>~§_ > o ®
9g 120%_,_,@_@,?._.._.@._._._._._.._‘ ....... - 8¢ 120%_ _ @ _ ., . -
— @ ‘ A S g °
S5 o PR L o} R e, w ok
< % 80%_._@ ______________ —@ < g 80% _____________
5 =]
S 60% G 60%
(555 a
40% QS 40%
800 1,200 1,600 800 1,200 1,600
LRI ¢yperimental ® n=151 reference standards (test set) LRI eyperimental

A n=23 reference standards (validation set)
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Unique Compounds & Spectra Database

UCSD is our in-house database that contains 11567 molecules:

» 7000 chemicals reported as present in tobacco plant and smoke!
» 3000 molecules associated with flavor properties?:3

MW versus AlogP

00 @ Hydrocarbon (n=1"081)
® Oxygen-containing functions (n=7'427)

1013 accurate mass

spectra and LRI are
registered in UCSD o

-10.0
SE]

0 50 100 150 200 250 300 350 400 450 400 550 GO0 G50 700 7S0  BOO 850 900 950 1000
Molecular Weight

1 The Chemical Components of Tobacco and Tobacco Smoke, A. Rodgman, T.A. Perfetti, 2013, 2" Ed. CRC press.
2 Leffingwell, J. C.; Young, H. J.; Bernasek, E. Tobacco flavoring for Smoking Products, R. J. Reynolds Tobacco Company, Winston-Salem, 1972.
3 EFSA flavoring substances database

PMI SCIENCE
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UCSD Web Interface

| Search Molecules | Submit New Molecule | Administration

Search Molecules Muolecules Molecule Details

(Back ) Chemical classification Physical Measurements

PMI Mol Code: PRIDDDEZE22 Thiophene Ref. OR: Ref BP: Ref MP:
1-1

Calculated Mol. Properties

Generated _Hames I Structure Codes Maol. Formula: C& H3 5

Mol. Weight: 11219272 gimaol
Colo=cell ¥

\ / Isotopic Mass: 112.03487 g/mol
Smiles: ACD/LogP: 2.8

W Solubility (w): 0.01 mollL

H. Bond Acceptors: O

InChI=13/CEHES, =1-5-3-T-4-6(5] H. Bond Donor: 0

2/h2-4H, 1-ZH3 ™ Drug-like: Yez

Lead-like: V&=

InChil:

D@
0 AR I v e ) o e — Predicted ADMET Properties 1

Batch List ol Al I Exnand Al I IUPAC: Hum. Intestinal Abs.: Moderat=
| W Blocd Brain Bar. Penetr.; High

Each fevel of thiz izt corresponds fo cne entify: Plasma Protein Binding: Mon binder
- maolecule (newtral compound, e.g PAI0000001) CYP2DE Inhibitor Mo

[t s> s iy tyckeaon g “Alternatif identifiers Hepatotoxisity: Texiz
- bafches (physicsl or litersfure zubsfances. g
8C0000014). Literature Data
3.4-Dimethylthiophene |

Click on 3 bafch code to see itz detailz. ; q
Batchez matched by the zeanch query are marked with E-f‘mmwme

&t Thiophene, 2.4-dimathyl-
=3

|

4 | Pminooess2

4 || PMIDODDOE2-A | CAS |

= T 832-15-5 :
1. oo STENN e ! PMI SCIENCE
B s B P IIL P VORRIS N CRNATICNAL
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Creation of the UCSD Compound Library

UCSD
Database
(n=11,567)

RapidMiner
software

Model 1

ChromGenius
software

Commercial library
NIST and Wiley (EI)

J

LRI mean value

>

Model 2

(within ALRI)

MassHunter Library Editor

UCSD.xml n = 3,646 molecules

Bty Filr - Comumned 8 T | R et

1
=]

* Predicted LRI of flavors and tobacco-related compounds database when there
Implemented in our current identification workflow.

* 6,053 molecules were predicted with LRI values between 500 and 1,
« 3,646 molecules have an available nominal ElI Mass Spectra (NIST or

%F’MI SCIENCE



UCSD Compound Library

B, Library Editor - Converted_AII_UCSD_LRLmslibraryxm LRI Prediction = e ==
File  Edit  Tools  Help
DEH %GB~ 8P X
Compound Table |
Compound I Compound Mame Alternate Names CasH Farmula  olecular ‘weight (Hetentiun Index ) alFile Lazt Edit i
9| propyldithio propane PrAI0009753 E2919-6 CEH1452 150.0536918 M261477) Accelyps03... | | 3152006 4:5['-|
12 | Thiophene, tetrahpdro-2-methpl- PrI0009783 1795-09-1 CEHIOS 102050321 9256817 Accelys03.. | .. | 3A15/2016 4:51
17 | [Z)1-2-[1-PROPENYLITOLUENE PrAI000301 6 2077330 Ci0H12 132.053300385 107527800 Accelys03... | | 3152016 451
18 | Furfuryl formate PrAI0003319 13493975 CEHEOZ 126.031694089 1048.5908) Accelps03.. | | 315/2016 4:51
| B I g P B et ) PP PN PR B B BT | DA INNNEJac 10000 7N 0 | rcu1o 101 ANORENETO 1710 07 ELRCNEN PPN ) r— AMEMMC A-FA T
4 T b
|Spectrum Wiewy | Froperties
Max, # of panes: 1 . Abundance Yalues L1 80.1.07.050132015
— - Acquired Retention Time L
+ Scan Dizulfide, dipropyl [629-19-E) o Base Peak Abundance E
3 |
w10 430 4 Baze Peak Mz
:3 Collizion Energy
05 _ 108.0 EH 1580.0 CQmpound 0 1
[ . | . EEI.EI 74.0 | ‘ Highest Mz
D_I T T = = o T — T = = T T 5 T T T |II T Imstrument T_|,||:IE
1m0 20 30 40 50 BO 7O a0 90 100 110 120 130 140 150 1B0 - | mer Pl iy Prsitie -

LRI predictions were associated with the 3,646 nominal EI mass spectra
extracted from commercial libraries.

PMI SCIENCE
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Different Output With the New Workflow

B e Stop when identified:
Identification >

Data Deconvolution MassHunter >

Acquisition Unknown Analysis —> = UCSD Library (LRI predicted)
(+EI) Software > => NIST 14 or Wiley

Y, * Export .cef and review

* Purchase of ref std if available

Component Match . . Component Component . Match . . Component
Compound Name Formula | CAS# Library Rl Delta R Library File Compound Name Formula_ CAS# Library RL_ Delta R1 Library File

- - ~|RI - - ~ Factor |~ -~ Area - 1 -~ -~ ~|RI -~ - ~ |Factor |« ~ | Area -

353 Cycloproplalindene, 1,1a, CLOH10  15677-15-3 1204.02 92.1 MIST14.L 1776138 @® 353/1H-Indene, 3-methyl- Cl0 H1D 767-60-2 1204.02 1211.71 7.69 89.2 UCSD.mslibrary.xml 1776133]
354 | MNaphthalene, 1, 2-dihydro C10H10  447-53-0 1214.03 82.6 MIST14.L 1365794 @ 354/1H-Indene, 3-methyl- C10 H1D  767-60-2 1214.03 1211.71 -2.33 82.1 UCSD.mslibrary.xml 1365794
355/3-Hexanone, 2,2-dimethy C8H16C  5405-79-8 1218.05 TL1 MIST14L 270040 @ 355|UNDECANE, 2,6-DIMETHYIC13 H28  17301-23-4 1218.05 1211.13 -6.92 63.4 UCSD.mthrary.Xml 270040
356|3-Buten-2-ol CaHBO 598-22-2 1220.79 65.4 MIST14.L 39151e 356|3-Buten-2-ol c4H20 598-32-2 1220.75 65,4 MISTL4.L 391516
357 Naphthalene, 1,2-dihydro C10H10  447-53-0 1222.51 B62.9 MIST14.L 183093 @ 357|1H-Indene, 3-methyl- C10H1D  767-60-2 1222.51 1211.71  -10.80 54,3 UCsD.mslibrary.xml 183033
358|glycerine-monoacetate  CSH1004 106-61-6 1226.70  1232.96 6.26 46,9 Fingerprinting_DBA24,xm| 1163960 358|glycerine-monoacetate  CSH1004 106-61-6 1226.70 1232.96 6.26 46,9 Fingerprinting_DB&24,xml 1163960
359/1H-Indene, 1,1-dimethyl- C11H12  18636-35-0 1230.64 T4.6 MIST14.L 142832 @ 359/1H-Indene, L,1-dimethyl- C11H12 18636-35-0 1230.64 1251.28 20.64 56,9 UCSD.mslibrary.xml 142832
260 4H-Pyran-4-one, 2,3-dihyt CeHBO4  28564-83-2 1237.20 73.5 MIST14.L 3220141 360 4H-Pyran-4-one, 2,3-dihyc CBHBO4  28564-83-2 1237.20 T35 MISTLAL 3220141
361|(25,6R, 75,8E)-(+)-2, 7-Epox C13HIZ0C  108343-35- 1246.27 86.8 MIST14.L 823013 @ 361|Phenol, 2-ethyl- CE H10 O 90-00-6 1246.27 1236.11  -10.16 79.8 UCSD.mslibrary.xml 823013
362 naphthalene CloHS 91-20-3 1255.06 1257.68 2,62 70.9 Fingerprinting_DBA24,xm| 582905 382 naphthalene C10HE 91-20-3 1255.06 135768 2.62 70.9 Fingerprinting_DB&24.xm| 582905
383 2(1H)-Pyridinone, 3-meth CeH7NO  1003-56-1 1296.71 64.6 MIST14.L 304134 @ 363 |2(1H)-Pyridone, 6-methyl C6 HY M O 3279-76-3 1256.71 1287.34 3123 51.7 UCsD.mslibrary.xml 04134
364 Cyclohexylamine CeH13M  108-31-8 1260.70 B6.2 MIST14.L 471352 @ 364/2,5-Pymolidinedione C4 H3 N 0/123-56-8 1260.70 1249.71  -10.99 67.5 UCSD.mslibrary.ml 471352
365 |3-Hydroxypyridine CSHSNO  10%-00-2 126445  1272.07 762 52.8 Fingerprinting_DB&24,xm| 3969362 365|3-Hydroxypyridine CSHSNO  103-00-2 1264.45 1272.07 T.62 52.& Fingerprinting_DB&24,xml 3969362
368 |4-Ethylphenol CRH10O  123-07-9 1275,38  1279.99 4,61 76.4 Fingerprinting_DB624,xm| 1584474 366|4-Ethylphenol CEH10O  123-07-3 1275.38 1273.99 4,61 76,4 Fingerprinting_DB&24,xml 1584474
287 3-ethyl phenol C8H10O  620-17-7 1279.84 1282.00 216 66.3 Fingerprinting_DB&24.xm| 143776 387 3-ethyl phenal CBH100  B20-17-7 1279.84  1282.00 216 66.3 Fingerprinting_DB&24.xm| 143776
368|5-acetyl-6-hydrony-3,7,7- C13H1404 52183-01-4 1289.82 B2.0 MIST14.L 598673 368 | S-acetyl-6-hydrony-3,7, 7-1C13H1404 52183-01-4 1283.82 62,0 MISTL4.L 598673
363 |Butanoicacid, 3-methyl-, C10H180254410-94-5 1296.49 65.5 MIST14.L 2898746 363 |Butanoic acid, 3-methyl-, {C10H1803 54410-34-3 12396.43 65.5 MIST14.L 2898746
370|Phenal, 3-amino- COHTMO  991-27-3 1298.61 60.7 MIST14.L 287183 @ 570 2(1H)-Pyridone, 6-methyl C& H7 N O 3273-76-3 1298.61 1287.94 10,67 59,6 UCSD.mslibraryzml 287183
371 Sarcosylsarcosine, N-mett CLSH2Z8M2 1000314-82 1293.86 B6.4 MIST14.L 263351 371 Sarcosylsarcosine, N-meth C1SH28M2 1000314-83-1 1239386 66,4 MISTL4.L 263351
372Itridemne C13H28 629-50-5 1300.00 1300.00 0.00 74.0 Fingerprinting_DB624.xml 4821309 372Itrideoane C13H28 629-50-5 1300.00 1300.00 0.00 74.0 Fingerprinting_DB624.xml| 4821309
373|3,4-dimethylphenol CBH10O  95-65-8 1301.35  1302.07 0.71 60.3 Fingerprinting_ DBA24,xm| 254565 373|3,4-dimethylphenal CBH10O  95-65-8 1301.35 1302.07 0.71 60,3 Fingerprinting_DB&24,xml 254365

Implementation of predicted LRI allows alternative proposals. PMI SCIENCE
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15t Example / Evaluation

LRI LRI
3R4F_Rep 4 (160323_3R4F_004_duplicate.D) 1204.02 1214.03
x10 o f ,\\ x105 Cpd 4 €10 H10: +E| EIC{130.0777) Scan 160223 3.
5 10 2 e © 15,4320
o = o g Smoke sample
@ ; 1.5 15.588
+ Lo o i
4.5 — 5 -
© ) 1
4 + 2 o weo I o N
o~ . < N 0 — 0.5
35 ~ w ¥ 9 L 9w ol ~ 15717
5 == T e 3
c N T
3 25 ‘ sese ‘ Lkt Sl %108 Cpd 1: €10 H10: +EI EIC{130.0777) Scan 160526 3.
O 14.50 15.00 15.50 16.00 1.24 15431 i
2 1] 3-Methyl-1H-indene
0.8
15 T . .
: Confirmation
1 o Lo © [Te) (o] ™~ 0.44
+ o 9 o N (o)) © < e < © o~
DN 9o 0 o - g o ™ o 0.2
05 o &% o o P o © -
- ™M o — < — 2 — — 0 04 I L
0 sdsalldbton T BT LT A e Lo N V. 15 152 154 156 158 16 162
13.00 14.00 15.00 16.00 17.00 18.00 St e AT )
Acquisition Time (min)
Component | Match . . Component
Compound Hame Formula  CAS# Library RL_ Delta RI Librany File
353[iH-Indene, 3-methyl-  JCIOHID 767-60-2 1204.02 121171 ?.ﬁgl 39.2lucsn.ms|ihraw.xml 1776138 v/
354/1H-Indene, 3-methyl- ClOH10 767-60-2 1214.03  1211.71 -2.33 82.1 UCsD.mslibrarg.xml 1365794
355|UNDECAMNE, 2,6-DIMETHYI C13 H28  17301-23-4 1218.05 121113 -6.92 63.4 UCSD.mslibrany.xml 270040
356 3-Buten-2-al CAHBO  598-32-3 1220.75 £5.4 MISTL4 L 391516 F)M| 5C|E|\JCE
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15t Example / Evaluation

o " LRI Prediction
3R4F_Rep 4 (160323_3R4F_004_duplicate.D) 1204.02 1214.03 ICtI
7
x10 \
5 2 4 o e B
o ¥ S ©
. © ‘omponent RT:
4.5 2 © < 0 il Compound Mame b atch CasH Library Retention Compenen: T 155670 1290647
4 © T g THAndene, 3-methyl- [CAS) 82,07 1211, 7084309385, . og:g?
© ]
N —© Q¥ O« SiMethdTH ndsna vm) s erose i
35 ~ n ¥ L 5 og": 4 50 6 70 80 50 100 10 10 130 140 150
' < < 7 T T e sg ¥ TH-rdene, 3-methpl- [CAS) 8099 | 7E7-E02 | 1211.708430938
(o)) — — q
2 3 N — R 2-Methylindene 7OEG | 2177-471 | 1214 3176031238 0] T
3 o5 e : 2-Methyl-1H-indene 7954 | 2177471 | 1243 TE0Rzae| Sl div W Y s @
O 115
) 14.50 15.00 15.50 16.00 / TH-rdene, 3-methpl- [CAS) 7788 | 7EF-E02 | 1211.708430938 T T
TH-ndene, 3-methyl- 7341 | TETEDZ | 1211708430938, F - —
1.5 1H-ndene, -methyl- [CAS) 7338 | 7ETE0-2 | 1211.708430938... | °° - ‘«j .
. 04
1 g g 8 o § o © g g g B o 2-tdethyl-1H-indene 5738 217747 1214 3176031238 D'ﬁ 4 I i s
05 20 =3 o N R A 0 THndene, Imethyl (CAS] | 54.89 | 767602 | 1211.708430938... R
T e - 9w -5 = v 2 - ©
0 s RPN SOV )\ WA 'S Y- GO | W S Y , el o ) I
13.00 14.00 15.00 16.00 17.00 18.00 )
Acquisition Time (min) Alte rnative
Component | Match . . Component hItS pI’Oposal
Compound Hame Formula  CAS# Library RL_ Delta RI Librany File
353 1H-Indene, 3-methyl-  CLOHI0 767-60-2 120402 121171 7.60 9.2 UCSD.mslibrary.xml 1776138
(254 1H-Indene, 3-methyl-  cloHiD 767-60-2 1214.03 121171 -2.33 82.1 UCSD.mslibrary.xml 1365794)
355 UNDECAME, 2,6-DIMETHY| C13 H28  17301-23-4 1218.05 121113  -6.92 63.4 UCSD.mslibrany.xml 270040
356 3-Buten-2-al CAHBO  598-32-3 1220.75 £5.4 MISTL4 L 391516 FJM| SC|ENCE
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15t Example / Confirmation

LRI LRI
3R4F_Rep 4 (160323_3R4F_004_duplicate.D) 1204.02 1214.03
; x103 |Cpd 1: C10 H10: +El EIC(130.0777) Scan 1603.. %104 |Cpd 1: C10 H10: +El Scan (rt: 15.559-15.617..
x10 S f 0 © B\ 257 2 129/0697
5 o < < ™ 24 15.430
P, — @ ) Smoke sample 6-
To) To) 1.5
4.5 Ml — ™ —- b
(32 14 4]
4 3 z‘ Q<
© o 0.5
NI 3 o R ZN 15717 21 |
35 ~ o ¥ : L2 ow °od ~ 0 b '
3 Y 2 T Cs¢ ¥ N
@ 3 ~ — I8 x108 Cpd 1: C10 H10: +E| EIC(130.0777) Scan 1604, X10° Cpd 1: €10 H10: +El Scan {rt: 15.566-15.576...
g — PAW, ) 15,530 EE 125.0702
o 25 24
O 14.50 15.00 15.50 16.00 2-Methyl-1H-indene &1 s
2 L Commercial 2]
14
1.5 = 2
1 o © o © o~ o . o4 Lo alle il bl L
< O o o N [ep) © < ™ < © : : : . : : : T T T T T T
05 2 N 23 28 -3 o © 15 152 154 156 158 16 162 40 Ccfﬁsm hffss_m}:ﬁrge [1"2:',.;) 140
' ‘(E ﬁ o) — < 2 7o) 2 ‘“_D Conmnts wa Aemiisition Time (mind '
0 ostitall b T Biideissr e B N hA, A o
13.00 14.00 15.00 16.00 17.00 18.00 Same RT Similar El Mass Spectra
Acquisition Time (min)
Component | hatch . . Component
Compound Hame Formula  CAS# Library R Delta RI Library File
- - - RI - - ~ Factor |~ « Area - 3 M th I 1H . d . f_ d
353/1H-Indene, 3-methyl- CI0H10D 767-60-2 1204.02 1211.71 7.69 89.2 UCSD.mslibrary.xml 1776138 -vethyl- -indene Is contirme
[354 1H-Indene, 2-methyl- ClO H10 2177-47-1 1214.03 1214.31 0.28 81.3 UcsD.mslibrany.xml 1365?94]—» 2_Methy|_1H_indene is confirmed
3535 UMDECANE, 2,6-DIMETHYIC13 H28 17301-23-4 1218.05 1211.13 -6.92 63.4 UCSD.mslibrary.xml 270040
356 3-Buten-2-ol C4HBO 598-32-3 1220.75 65,4 MISTLAL 391516
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Evaluation of NIST Proposals

Component | Match . . Component
Compound Name Formula  CAS# Library Rl Delta Rl Library File
1 - - - Rl - - « Factor - - Area -
353 Cycloproplalindene, 1,1a, C10H10  15677-15-3 1204,02 92,1 MIST14.L 1776138
354 Maphthalene, 1,2-dihydro C10H10  447-53-0 1214.03 82,6 MIST14.L 1365734
3535 3-Hexanone, 2,2-dimethy CB8H1eO  5405-79-8 1218.05 711 MIST14.L 270040
3536 3-Buten-2-aol CAHB0 a98-32-3 1220.75 63,4 MIST14.L 391516
Compound Name Mach Factor |CAS# Library |LRI_EXP |LRI_Prediction |LRIscore Rank
MNaphthalene, 1,2-dihydro- 82.6 447-53-0 MIST14.L 1237.17 57% 3"
Cycloprop[alindene, 1,1a,6,6a-tetrahydro- 82.3 15677-15-3 [NIST14.L 1172.88 34% 5 . .
1H-Indene, 3-methyl- 81.8 767-60-2  |NIST14.L 1211.71 a1%| 1T Alternative ranklng
2-Methylind 81.4 2177-47-1 |NIST14.L 1214.32 81% 1 -
=yneens 1214.034 . using the LRI model!!!
Benzene, 1-methyl-4-(1-propynyl)- 80.0 2745-93-1 |NIST14.L 1136.45 13% 7
1,4-Dihydronaphthalene 79.9 612-17-9 NIST14.L 1246.90 42% qm
Benzene, (1-methyl-2-cyclopropen-1-yl)- 79.7 65051-83-4 |NIST14.L 1114.95 9% g"
1H-Indene, 1-methyl- 79.0 767-39-9 MNIST14.L 1167.62 28% 6"

The combination of mass spectral similarity and LRI modeling enhances the

confidence in compound identification. T
PMI SCIENCE
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2hd Example / Evaluation

LRI w105 Cpd 3 C3 H1Z +El EIC120.0934] Scan 160323_3R4F_1504090.
3R4F_Rep 4 (160323_3R4F_004_duplicate.D) 992 25 +1-be
6 - o - 21 3R4F
x10 v < o N @ 14 I 12.021 1odat
2 <~ - — < o }
2 & - T o '\‘_ o : g N 0 /\_ ! /\ J\w
LZO; o : : ,“\3 % E 2 ; (LK\I'S g § ﬁ g w108 |Cpd 1: C9 H1Z: +EI EIEI['I2IJ.DE|3i] Scan 160425 4-Ethyltaluene D
1= ff o - o T 240N« ~
S N 5 - - NN ~ & = o 15 Benzene{1t3?thyl-4-methyl
— - - « 14
0 : VilE = 054
11.00 11.50 12.00 12.50 o
Acquisition Time (min) 16 117 118 113 12 121 122 123
Counts vz, Scauisition Time [min
Component Match ) . Component
Compound Name Formula  CAS# Library Rl Delta RI Library File
1 - - - BRI - - + Factor |« + Area -
221 Benzamide, O-[{phenylamin C14H13M31000112-26- 992,14 a8, 7 MIST14.L eO6404
27 Benzene, 1-ethyl-4-methyl- C9 H12 622-06-8 092,25 092,19 -0.06 00.1 JCSD.mslibrary.xml B329363
223 Benzene, l-ethyl-4-methyl- CO9H12  622-96-8 992,47 992,19 -0.28 47,8 UCSD.mslibrary. xml 1452721
£24/1,6-0ctadiene, 2,7-dimethyl- C10 H18 40195-09-3 093,29 091.19 240 62.1 UCSD.mslibrary.xml 1051796

As Match Factor > 90%, the confidence in identification is very high.

: . : : PMI SCIENCE
Let’s go further to identify this co-eluting compound!!! PMORRIS N"CRNATICHA
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Evaluation of NIST Proposals

Component Delta Match . . Component
Compound Name Formula CASH Library Rl Library File
1 - - | RI - - |RI - | Factor |« - Area -
221 Benzamide, O-[(phenylamino)carbor C14H13M302 1000112-26-3 992,14 58,7 MISTLAL B0E6404
222 Benzene, 1-ethyl-2-methyl- CAH12 £11-14-3 992,25 91.0 MIST14.L E329363
ENZeneg, [1mea Uity Jme - -oh- . . .
223|B [(methylsulfinylimethyl]- CBH100S g924-86-2 992,52 g8.8 MIST14.L 636393
224|2-Heptyne-4-one CrH100D 71932-38-4 9593.29 63,5 MIST14.L 1031796
Compound Name Mach Factor |CAS# Library |LRI_EXP |LRI_Prediction |LRIscore Rank i .
Benzene, 1-ethyl-2-methyl- 91.0 611-14-3  |NIST14.L 966.98 55%| 5™ Alternative ranklng
Benzene, 1-ethyl-4-methyl- 90.1 622-96-8  |MIST14.L 992.19 90% 1¥ . 111
Benzene, 1-ethyl-3-methyl- 89.4 620-14-4  [NIST14.L | 992.2521 971.37 62% a" USIng the LRI mOdeI T
Benzene, {=methytethyt= g9 95-87-8 STREL ST T 58% .j; Already parts of our accurate mass library
Wresitytene 878 HO8-67-8[MiSTIEL 980.55 7746 2

Again, the combination of mass spectral similarity and LRI modeling improves
the identification process

PMI SCIENCE
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Final Confirmation

3R4F_Rep 4 (160323_3R4F_004_duplicate.D)
6

x10 © © o
< < (o] (o2}
o) © 0 o~ ~
2 <t ~— L ol < N
® o = - — O = —
c — A £ ~ Lo - ©
= : o~ pRTo R To] @ :
o - < 'Q\) < o,\LO(\]‘— o N~
—
O o0 T < ) No — o E
o N ™ — — ‘_‘_‘_NLD‘_ N
A — -— N
— sV
—
0 i} :
11.00 11.50 12.00 12.50

Acquisition Time (min)

Both ethyl-toluene isomers were
confirmed Iin the smoke sample
explaining the co-eluting peaks.

%103

2.5
24
1.5+
14

Cpd 3: C3 H1Z: +El EIC[120.0334) Scan 160323_3R4F_1504030_0..

11.897

Cpd 1: C3 H1Z: +EI EIC[1 2D.D§3cql Scan 160425_4-Ethyltaluene.D
$enzene, 1-ethyl-4-methyl

:11.IBBD %
|
|
|
|

Cpd 1: C3 H12 +El EIC[120. |:IE|34] Scan 160423_3-Ethyltaluens_00..

Bénzene 1-ethyl-3-methyl

e 117 118 119 121

Cannks we ﬁr'rumlhnn Time [min

L=<
P
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Conclusion & Next Steps

« Combination of state-of-the-art instrumentation with advanced chemoinformatic
tools (Predicted LRIs using QSPR methods) enhance the confidence level in
compound identification

 This combined approach reduces the list of putative compounds to purchase for
final confirmation, leading to

» Shortened time for compound identification
» Reduced total cost for ordering chemicals
» Reduced rate of false positive compound identification
« Automation of the workflow reduces the time for complex matrix characterization

[ Implement the LRI prediction in the MassHunter Unknown Analysis software

I Dossin, E. et al. Prediction Models of Retention Indices for Increased Confidence
In Structural Elucidation during Complex Matrix Analysis: Application to Gas
Chromatography Coupled with High Resolution Mass Spectrometry coming in
Anal. Chem. in 2016 & PMI SCIENCE
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Implementation of an Advanced Workflow to Enhance the Confidence in
Compound Identification for Non-Targeted GC-HR-MS Applications

40t |ISCC Symposium, May 29 - June 04, 2016

Eric Dossin, Antonio Castellon, Pierrick Diana, Pavel Pospisil, Mark Bentley, Philippe Guy
Philip Morris International R&D



Analytical Technique: GC-High Resolution (GC-HR-MS)

GC-HR-MS_2 GC-HR-MS_1
(7200B Agilent Q-TOF-MS) (7200A Agilent Q-TOF-MS)

Apolar & Polar
LRI from 1000 to 3000

Volatile and semi-volatiles
LRI from 500 to 1900

Column HP-5MS (30m, $=0.25mm)
5% phenyl-arylene
95% dimethyl-polysiloxane

8 Column DB-624 (30m, $=0.25mm)
6% cyanopropyl-phenyl

. 94% dimethyl-polysiloxane
Carrier gas: He ’ yi-poly

Injection volume: 0.5 pL Carrier gas: He

Injection volume: 250 uL (headspace)

Injection mode split 5:1
1 uL (liquid)

Sample spiked with several deuterated IS

I Injection mode split 5:1
Full scan acquisition mode (m/z 40-620 amu)

Full scan acquisition mode (m/z 20-500 amu)

(g scEnc
24

BFTSA derivatization (labile hydrogens, alcohols,
carboxylic acids, amides...)

||]|:> Goal is to screen the broadest range of smoke constituents




Accuracy

Accuracy Data of Predicted vs Experimental LRI Values
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Mathematical Formula

Match Factor X LRI

Exp

LRI Score=

LRI , + (LRI poy- LRI )2

Exp Exp

PMI SCIEN
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