9/14/2023

ACS
W Chemistry for Life®

www.acs.org/acswebinars

ACS Webinars

CLCK « WATCH - LEARN = DISCUSS

Questions or : Questions
Comments? |

Type them into the
guestions box!

Q@ Hello! I'm from Oshkosh,
Wisconsin

|
— “Why am | muted?” y
1 ) .
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{4 Let’s Get Social!

Follow the American Chemical Society on Twitter, Facebook,
Instagram, and LinkedIn for the latest news, events, and
connect with your colleagues across the Society.

linkedin.com/company/
american-chemical-society

@AmerChemSociety | @AmericanChemicalSociety @amerchemsociety

Contact ACS Webinars® at acswebinars@acs.org
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CUCK » WATCH - LEARN = DISCUSS

Where is the Webinar Recording?

ACS Members w/Premium Package

All Registrants

Watch the unedited recording
linked in the Thank You Email
for 24 hours.

Visit the ACS Webinars® Library
to watch the edited and
captioned recording.
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ACS

A Career Planning Tool For Chemical Scientists Y cremistryforLife”

ChemlIDP is an Individual Development Plan
designed specifically for graduate students and
postdoctoral scholars in the chemical sciences.
Through immersive, self-paced activities, users
explore potential careers, determine specific skills
needed for success, and develop plans to achieve
professional goals. ChemIDP tracks user progress
and input, providing tips and strategies to
complete goals and guide career exploration.

https://chemidp.acs.org °
5
Career Consultant Directory W Chemistry for Life®
Find a Career Consultant
Academia Government Industry
W -
Nonprofit Independent Retirement
* ACS Member-exclusive program that allows you to arrange a one-on-one appointment with
a certified ACS Career Consultant.
* Consultants provide personalized career advice to ACS Members.
* Browse our Career Consultant roster and request your one-on-one appointment today!
www.acs.org/careerconsulting 6
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ACS Bridge Program A 4 f‘hegfwfo,wes

Are you thinking of Grad School?

If you are a student from a group underrepresented in the chemical sciences, we
want to empower you to get your graduate degree!

The ACS Bridge Program offers:
* A FREE common application that will highlight your achievements
to participating Bridge Departments

» Resources to help write competitive grad school applications and
connect you with mentors, students, and industry partners!

Learn more and apply at www.acs.org/bridge

Email us at bridge@acs.orqg

ACS Scholar Adunoluwa Obisesan

BS, Massachusetts Institute of Technology, June 2021
(Chemical-biological Engineering, Computer Science & Molecular Biology)

“The ACS Scholars Program provided me with monetary
support as well as a valuable network of peers and mentors
who have transformed my life and will help me in my future
endeavors. The program enabled me to achieve more than |
could have ever dreamed. Thank you so much!”

- GIVE TO THE

f R #~C SCHOLARS
<) AL D PROGRAM

-3 Donate today at www.donate.acs.org/scholars
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ACS Sam Jones, PhD
Chemistry for Life® fe) _ Science Writer & Exec Producer
/1
Looking for a new science podcast
to listen to? Deboki Chakravarti, PhD
‘ p Science Writer & Co-Host
T * I\I TO SUBSCRIBE
visit http://www.acs.org/tinymatters or
MATTE RS scan this QR code
Check out Tiny Matters, from the American Chemical Society.
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c&en’s
STEREO
CHEMISTRY

Subscribe now to C&EN's podcast

VOICES AND STORIES FROM THE WORLD OF CHEMISTRY B e ex=a

cen.acs.org/sections/stereo-chemistry-podcast.html

ACS Industry
Member Programs

* ACS Industry Matters

ACS member only content with exclusive
insights from industry leaders to help you
succeed in your career. #ACSIndustryMatters

Preview Content: acs.org/indnl

« ACS Innovation Hub LinkedIn Group

Connect, collaborate and stay informed about
the trends leading chemical innovation.

Join: bit.ly/ACSinnovationhub
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ACS on Campus is the American Chemical ' Acs
Society's initiative dedicated to helping students ‘
advance their education and careers. CAMPUS

Share your science with confidence - w! essential tips
for becoming a better writer. reviewer
communicatoc

Get Ahead.

Develop your careet. network with local professionals.
and learn how 1o leverage your ACS membership.

acsoncampus.acs.org

ACS
ACS Career Resources W Chemistry for Life®

Virtual Office Hours Personal Career Consultations Linked[l] Learning

Jim Tung

https://www.acs.org/careerconsulting.html https://www.acs.org/careerconsulting.html https://www.acs.org/linkedInlearning

14

14


https://www.acs.org/careerconsulting.html
https://www.acs.org/careerconsulting.html
https://www.acs.org/linkedInlearning

9/14/2023

ACSPublications

Most Trusted. Most Cited. Most Read.

Most Trusted. Most Cited. Most Read.

ACS Publications’ commitment to publishing high-quality content continues to attract impactful resear
addresses the world’s most important challenges.

Browse Content

Publish with ACS
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New Products & Services

ACS OFFICE OF DEIR

Advancing ACS' Core Value of Diversity, Equity,

Inclusion and Respect

Resources

Inclusivity Style Guide

ACS Publications DEIR Hub

C&EN Trailblazers

Quick Guide: Inclusion
Moments

16

ACS Webinars on Diversity

ACS Volunteer and ACS
Meetings Code of Conduct

NEW! Download DEIR
Educational Resources

Quick Guide: How to host
inclusive in-person events

Materials
Science &
Engineering

ACS Open Science

https://pubs.acs.org

Organic-
Inorganic

NEW & NOTEWORTHY

Follow your favourite journal or newsletter
through the Email Preference Center

Open Access for everyone - no matter your
institution

Find the latest virtual, hybrid and in-person
events hosted by ACS Publications

Explore ACS Solutions

Diversity, Equity, Inclusion, and Respect

**Adapted from definitions from the Ford Foundation Center for Social Justice:

Equity**

Seeks to ensure fair treatment,
equality of opportunity, and
fairness in access to information
and resources for all. We believe
this I only possible in an
environment built on respect and
dignity. Equity requires the
identification and elimination of
barriers that have prevented the

full participation of some groups

ersity**
The representation of varied
identities and differences (race,
ethnicity, gender, disability, sexual
orientation, gender identity,
national origin, tribe, caste, socio-
economic status, thinking and
communication style:
collectively and as individuals. ACS
seeks to proactively engage,
understand, and draw on a variety
of perspectives.

Inclusion**

Builds a culture of belonging by
actively inviting the contribution
and participation of all people.
Every person's voice adds value,
and ACS strives to create balance
in the face of power differences. In
addition, no one person can or
should be called upon to represent
an entire community.

Respect

Ensures that each person is treated

with professionalism, integrity, and

ethics underpinning all
interpersonal interactions.

https://www.acs.org/diversity
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ACS Advocacy <7 ﬁggw

* See your influence in action!
L

2439+ 1739+ 49

Members participated _ACS AdvoFacy Years of Public
In Act4Chemistry RS PEIHEREE Policy Fellows

2000

Letters sent to
Congress

Get Involved Enroll in a workshop Become a Fellow Take Action

American Chemical Society httDS//WWW acs Orqlpolicv 17
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IN-PERSON A ACS Institute

Learn. Develop. Excel.

LC/GC Bootcamp - Hands-On
Chromatography Master Class

October 16 - 20 and December 4 - 8, 2023
Chicago, IL

Visit
institute.acs. org

18
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ACS
W Chemistry for Life®

www.acs.org/acswebinars @ ACS WEb|na I’S‘

EARN

Wednesday, September 20, 2023 | 2-3:30pm ET Wednesday, September 27, 2023 | 2-3pm ET Thursday, September 28, 2023 | 2-3pm ET

Gut Microbiome-Brain Alliance Adapting to Al in Peer Review and Who Will Win the #ChemNobel?
the Publishing Process

Co-produced with CAS, a division of the American
Chemical Society Co-produced with ACS on Campus Co-produced with Chemical & Engineering News

Register for Free ~ Browse the Upcoming Schedule at www.acs.org/acswebinars

19
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ACS
W Chemistry for Life®

www.acs.org/acswebinars

THIS ACS WEBINAR®
WILL BEGIN SHORTLY...

% Say hello in the
guestions window!

20
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Mass Spectrometry Made Simple; or, How to Weigh a Molecule
(Even Though There Isn’t a Way to Weigh a Molecule)

LEE N. POLITE, PHD BRYAN TWEEDY, Bs

President and Founder, Axion Assistant Director, ACS Education,
Analytical Labs, Inc. Office of Career and Professional
Education, American Chemical Society

This ACS Webinar® is co-produced with the Office of Career and Professional Education.

e I =
Mass Spectrometry Made Simple
o]
How do you weigh a molecule...
even though there is no way to weigh a molecule?

| ‘ l
= F \
= ol

Dr. Lee N. Polite

Axion Analytical Labs, Inc.
Axion Training Institute, Inc.
info@axionlabs.com
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GC/MS...Why Gas Chromatography?

1. Dimethylformaldehyde 15. @-pinene 27. y-Terpinene 39. 2-Ethyl-6-methylpyrazine
2. Methyl acetate 6. Sabinene 28. 2-Methylpyrazine 40. 2-Ethyl-S-methylpyrazine
3. 2-Methylfuran 17. 3-Penten-2-one 29. p-Cymene 41 2,3,5-Trimethylpyrazine
4. Ethylacetate 18, 2.3-Hexanedione 30, 2.5-Dimethylpyrrote 42, Furfursl
5. 2-Butanone 19. Methyl-1H-pyrrole 31 Acetain 43, Acetol acetate
6. 23-0i 20. 32, 2 24
7. 2Methylbutanal 21. 2Vinyl-5-methylfuran 33, 2/6-Dimethylpyrazine as. Furfuryl formate
H 8. 3-Methyl butanal 22. @-Myrcene 34, 2-Ethylpyrazine 46, 2-Acetytfuran
[ ) EXCe”ent Separa“on Tool 9. Ethyl alcohol 23 aTerpinene 35. 2,3-Dimethylpyrazine a7. Pyrrole
10. 2.5-Dimethylfuran 24. Pyrdine 36. 4-Heptanone 48, Furfuryl acetate
11. 23-Butanedione 25. Limonene 37. 2-Methyl2-cyclopentenone 49, Linalool
12. 3-Hexanone 26. Pyrazine 38, 3-Ethylpyridine 50, Linatyl acetate
13, 2.3-Pentancdione 51 S-Methylfurfurat
. 14, Hexanal 52. 2-Furfuryl furan
e Separates complex mixtures o = 530 NMethgl2formylpysole
24 o | 57 54. y-Butyrolactone
55. 1-(2-Furyl)-3-butanone

into pure compounds (peaks) = 6. Zacodtmetyizyriote

- 57. Furfuryl alcohol
58. N-Acetyl-4(H)pyridine

59. 1-(5-Methyl-2-furyl)-2-propanone

60. Furfuryl pyrrote

61 zMethoxyphenul

62. 3-8uter

63. Pncnylcl)vyl alcohal

64. 4-Pyran-4-one

65. 2-Acetyipyrrole

66, Furfuryl ether

67. Pyrrole-2-carboxaldehyde

e Provides tentative
identifications

13 |s I9y22
2 Lokl
0

1

A\IOII

Oxion ,\ W Coffee Analysis
23

Training Institute, Inc. by GC-FID

GC/MS: Why Mass Spectrometry?

Excellent Identification Tool - Identify
unknown compounds

246

e Quantify known materials down to 100, \L/
trace levels (] ape
T{

o
=)

e Elucidate the structure of molecules
(molecular weight)

176

Normalized Abundance

t Zlo 281
S0 ez .i JI l m ]|I| Al " uJ| 184 oz 267l
e Needs only nanograms of samples 40 B0 80 100 120 140 160 180 200 220 240 260 280 300 320

m/z

e But only works on pure compounds!

A\lon Qxion J\ L

Training Institute, Inc.

24

12
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Why GC/MS?

¢ Combines advantages of both techniques:

— High resolving power of GC
— Positive identification of MS

e Requires only small samples (micrograms
to picograms)

¢ Quantitative trace analysis (ppm, ppb)

e Mass range ~2 - 1050 AMU

A\ion |

N
v LA

Training Institute, Inc.

ACS
W Chemistry for Life®

9/14/2023

25

(§)ACs Webinars

Audience Survey Question

ANSWER THE QUESTION ON THE INTERACTIVE SCREEN IN ONE MOMENT

Which phrases would you like to hear Dr. Polite use during his mass spec explanations?

(Select all that apply)

* Le Chatelier’s Principle

* Coulombic Explosion

» Clausius Clapeyron Equation

» Blowing up a car and a motorboat

*If your answer is “Other” tell us more in the questions window!

26

13
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Why GC/MS? Simple Direct Interface

MS
lon
Source  Heated Transfer Line
£
_ GC Oven
Capillary Column

A 2 |

xiom |},
Training Institute, Inc. z

27
Mass Spectrometer Hardware
| Mass
Analyzer
L______SQE.*JL%/ ™ e -&J
Sample ° I | I
Inlet Ion separ.ati.on Ion detection
Ton formation @ and speciation and amplification
and collimation
High Vacuum Pump
Mechanical Pump

4 |

| | Material Provided b
A.\I.OII o= fLAL Outlet 3 Ag?l:ma‘l‘ec:noleogi:s 28
Training Institute, Inc.

28

14
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El
%O
|
From M
GC |
eee M*
—
+30V

Repeller Electrode

A\ion

I
b |,

Q

Training Institute, Inc.

29

Fragmentation and Interpretation (time for cars and boats!)

Axion ¥J4{ L

A

9500
9000
8500
8000
7500
7000
6500
6000
5500
5000
4500
4000
3500
3000
2500
2000
1500
1000

500

Training Institute, Inc.

30

0
20 30 40 50 60 70 80 90 100 110 120 130

Base Peak

Molecular lon

'4

128
Naphthalene

51
64 47 102
39

9500
9000
8500
8000
7500
7000
6500
6000
5500
5000
4500
4000
3500
3000
2500
2000
1500
1000

50

3

'4

91
Ethylbenzene

15 27

i“"\ \u“

Base Peak

Molecular lon

'4

106

i

10 20 30 40 50 60 70 80 90 100 110

Material Provided by

iz~ Agilent Technologies

29

30

15
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Single Quad Modes: Scan and SIM

Scan (TIC) Selective lon Monitoring (SIM)
 Scan all masses from 0-1000 amu e Only monitor a few distinct masses
 Typically scan from ~40-600 e Typically, 1 quant ion and 2 qualifiers.
e Produce Searchable spectra e Spends more time measuring each mass
e Identify Unknowns  Produces lower noise = Higher signal to noise ratio
* Confirm Identities e Much better sensitivity
e Great for identification e Loss of some identifying information

e Not great for sensitivity

Axion 4\ e

Training Institute, Inc. 31

31

Single Quad GC/MS

ALS TSP Sreziz lons 2 Separate ions Detect ions
compounds fragments
GC

lon source Quadrupole High-energy dynode,
and electron multiplier

e-

)
3= -€p- -
)

246

Vacuum 0

40 80 120 160 200 240 280 320
A“o“ LA Material Provided by
A »

Training Institute, Inc. iz Agilent Technologies 32

32
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Single Quad GC/MS Library Searching

100q

1004

504

o

40

60

246

Unknown
Spectrum

140

160 180 200 220 240

246

NIST Library
Spectrum
p,p’-DDE

176

184 233
] Il Ly

260 280 300 320

Library
Match Score
95.3 318

281

80 180 200 220 240

100

120 140 160

Axion N

Training Institute, Inc.

33

260 280 300 320

i Material Provided by
i Agilent Technologies

9/14/2023

Searching unknown spectra
against NIST or other libraries
is widely used for identification
of compounds.

Spectral deconvolution software
from NIST (AMDIS) and now
MassHunter SureTarget can be
used to produce spectra with
the ions from overlapping
matrix peaks removed.

cl Cl

: : cl

Cl

33

Single Quad GC/MS — Selected lon Monitoring (SIM)

1004

501

Full scan
spectrum
35-500 amu

100 120 140 160

180 200 220 240

246

260 280 300 320

246

1004
318
SIM
monitoring 8
lons instead of
50 465
o 79 263 277
20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320

34

During chromatographic
run, quad is programmed
to monitor a small number
of ions for specific
analytes in specific time
ranges.

More time is spent
measuring each ion vs
scan.

This gives ~10 x better
signal-to-noise and better
area precision. However,
ability to search spectra
for unexpected unknowns
is lost.

i Material Provided by
.7 Agilent Technologies

34

17



9/14/2023

SIM Makes it Easier to Find Your Compound of Interest

The p,p’-DDE peak is visible in
this spinach extract, but the
baseline shows that the SQ
has only limited selectivity over

TIC Spinach other matrix compounds that
Extract

also have m/z 246 as a
fragment.

This limits the ability of the SQ
to find traces of pesticides in
extracts with high levels of
matrix interferences.

20 ‘ 22 ‘ 24 ‘ 26 ' 28 ' 30

EIC 246 amu

matrix interferences
at m/z 246

AWIII P . Material Provided by

Training Institute, Inc. “i.i Agilent Technologies 35

35

Triple Quad GC/MS (OgQ, MS/MS, Tandem MS, etc.)

MS/MS requires multiple mass filters in series

Carrier Collision Quench
Gas He Gas N, Gas He

0D) D
O:] (0 D)(@WO
[ mm

Selection of Fragmentation Selection of
Typical analysis = precursor ion of precursor ion fragment ions Detection
(MS1) (Collision cell) (MS2)
A\io“ P i Material Provided by
Training Institute, Inc. .2 Agilent Technologies 36

36
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Triple Quad GC/MS — Multiple Reaction Monitoring (MRM)

Step 1: Precursor ion of target passed by MS1. Contains fragment ions of mass 246 created
from both analyte and interference molecules.

MS1 SIM
246 m/z
(D))

O:] 0 D)(%)@IID:)O
O0) I -l-
) mm

L Oy ol

’ )

i J w
H |
E m-cly®
% e
: pral F o J T . 246 )

ool +——% MS1 lets only target ion

miz 246 pass through
A‘iﬂll P . Material Provided by
3 .2 Agilent Technologies 37

Training Institute, Inc.

37

Triple Quad GC/MS — Multiple Reaction Monitoring (MRM)

Step 2: The collision cell generates ions from the mass 246 fragments from both analyte and

interferences.
MS1 SIM MS2
246 m/z Scan Mode
— P

OD) D

O:) 0 D)(%@ID):)O
L) mm

105 175 546

1Y ML
: @] M v
4 T
g m-ci* m |

Ms1 let vt t Collision cell breaks ion
e s on y target ion 246 into fragments

246 pass through

A‘iﬂll A .. Material Provided by
i Agilent Technologies 38

Training Institute, Inc.

38

19



9/14/2023

Triple Quad GC/MS — Multiple Reaction Monitoring (MRM)

Step 3: MS2 is set to filter for quantification and qualifier product ions only formed by the

analyte (unique ions.)
MS1 SIM MS2 SIM
246 m/z 175 and 105 m/z
D)
= onin > O

Hexapole Detector
collision cell

L Y [M-cl,J*
' T w 105
g ﬂ;ﬁj w» 105 175 546 175
§ mc1* | L 1
E . I . 246 . Collision cell breaks ion MS2 monitors only characteristic fragments
oo 20l T e Lo d 0¥ MSL1 lets only targetion 544 into fragments 105 and 175 That Come From ion 246
SRR R R 246 pass through
AYiﬂII P . Material Provided by
i Agilent Technologies 39

Training Institute, Inc.

39

Single Quad SIM vs Triple Quad MRM Data for DDE

SIM (246) MRM (246->175)

Sores Ton cacjoo ks Tow B
6 Y e

éé§§=1gnzasj}l[in;.7ucoz- Gabbage [\
\" .;?i‘ée""‘fm e e Ginseng ; [\
¢ =1 MY o i

=t U[' Orange ’/\ SN =456 |
= = -

(All injections = 1 L)

A\i"“ P .. Material Provided by
Training Institute, Inc. .2 Agilent Technologies 40

40
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LCMS...It’s the same as GC/MS...but Different...and Huge!

100,000

y ( API-Electrospray )

10,000

APCI

1000

Molecular Weight

GC/MS

Nonpolar Very polar

3 |
A\IOII A |y _ Material Provided by
Training Institute, Inc. ii Agilent Technologies 41

41

How do you lonize a Molecule in HPLC?
Adjust the mobile phase pH!

Low pH for Bases like Amphetamine

Neutral at High pH lonized at Low pH (in acid)

+
{_)-onggoiy + W = )-ougerony
|

NH., NHy*

High pH for Acids like Benzoic Acid

o)
I Il
R-C-O-H + H,O m— R-C- O |+ H30*

g |
Auon Ak

Training Institute, Inc. 42

42

21
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API-Electrospray lonization

HPLC inlet

Electrospray lons

Nebulizer (gas l Heated nitrogen drying

shown in red) gas
-4000 V

Solvent spray —

Dielectric capillary /h

entrance

Axion LA . Material Provided by

Training Institute, Inc. % Agilent Technologies 43
43
Theory: APl Electrospray
Charged Droplets —
Analyte lons
Solvent lon Clusters
Salts/lon pairs
Neutrals
ate} 444 @ solvent lon Cluster
Rayleigh
Limit
Reached A“@A l
é*é
@® Analyte lon
Coulomb Explosions
A‘io“ _AJll A . Material Provided by
TI‘ﬂTMlglIIA\‘IiIIIIt" Ine. “ii Agilent Technologies 44
44

22
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Conclusions: Which MS Should | choose?

e Single quad GCMS in the scan mode to identify (volatile) unknowns

e Single quad GCMS in the SIM mode to quantify knowns at low levels (sub ppm)
e GC triple quad to quantify volatile knowns at extremely low levels (sub ppb)

e LC Triple quad to quantify soluble knowns at extremely low levels

e LC Q-TOF to characterize and quantify proteins (proteomics)

. |
Auon ay

|
Training Institute, Inc. 45

Hands-On HPLC &
GC Courses Welcoine to

L Master Chromatography - : Axion Labs

4B Solve Your Separation Problems . Whal can you expect

- 1 9
@ Advance Your Career vl 2n Axion course?

Level Up Your HPLC & GC Skills.
Over 13,000 Professionals Trained.

Start Here - LC/GC Bootcamp

www.AxionLabs.com

23
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IN-PERSON A ACS Institute

Learn. Develop. Excel.

LC/GC Bootcamp - Hands-On
Chromatography Master Class

October 16 - 20 and December 4 - 8, 2023
Chicago, IL
Visit
institute.acs.org
to register today!

47

ACS
W Chemistry for Life®

www.acs.org/acswebinars

THE LIVE Q&A IS
ABOUT TO BEGIN!

Keep submitting your questions
in the questions window!

48
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Wednesday, September 20, 2023 | 2-3:30pm ET Wednesday, September 27, 2023 | 2-3pm ET Thursday, September 28, 2023 | 2-3pm ET

Gut Microbiome-Brain Alliance Adapting to Al in Peer Review and Who Will Win the #ChemNobel?
the Publishing Process

Co-produced with CAS, a division of the American
Chemical Society Co-produced with ACS on Campus Co-produced with Chemical & Engineering News

Register for Free ~ Browse the Upcoming Schedule at www.acs.org/acswebinars
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www.acs.org/acswebinars

@ ACS Webinars

CUCK » WATCH - LEARN = DISCUSS

Learn from the best and brightest minds in chemistry!
Hundreds of webinars on a wide range of topics relevant to

chemistry professionals at all stages of their careers, presented

by top experts in the chemical sciences and enterprise.

° Edited Recordings

~#——  are an exclusive benefit for ACS Members with the
Premium Package and can be accessed in the
\ i ACS Webinars® Library at www.acs.org/acswebinars

Live Broadcasts

of ACS Webinars® continue to be available free to
the general public several times a week generally
from 2-3pm ET. Visit www.acs.org/acswebinars to
register* for upcoming webinars.

*Requires FREE ACS ID

50

50
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ACS
W Chemistry for Life®

www.acs.org/acswebinars

CLCK « WATCH - LEARN = DISCUSS

@ ACS Webinars

ACS Webinars® does not endorse any
products or services. The views expressed in
this presentation are those of the presenter
and do not necessarily reflect the views or
policies of the American Chemical Society.

Contact ACS Webinars® at acswebinars@acs.org

51

51
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