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INTRODUCTION

» The NIST/EPA/NIH ElI MS Library is a world's most widely used and
trusted mass spectral reference library.

» The 2023 release El library includes 394,000 carefully-evaluated
spectra of 347,100 unigue compounds. 40,200 compounds were
added to the NIST 2020.

» It includes a GC retention index library (153K compounds with Rl), LC-
MS tandem MS libraries (51K compounds), as well as certain freely-
available, specialized spectral libraries.

» This library provides a fast and reliable way to assist the identification
of PFAS.
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» PFAS are environmental contaminants characterized by extensive fluorination along extended
aliphatic chains.

» The procedure for expanding a PFAS El mass spectral library includes sorting out PFAS not in the
current library for purchase with computational methods, chemical derivatization when needed
and measurement by Headspace GC or GC/MS.

» Data processing involves extraction of spectra from the raw data, application of new evaluation
algorithms to confirm the identity of PFAS and the quality of spectra.

» With this new approach, about 400 high-quality PFAS spectra for 231 PFAS have been added to
the 2023 library.

NIST
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PFAS Selection
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and salts via ACD
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Distribution of 231 PFAS

Present but considered low Retention Indices Needed
Present but not quality / 4%
measured by NIST 2% o
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Not Present in the NIST20 EI

Lib 84%
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Replacement with an high quality spectrum with RI

& EI 1. Structure: Perflucrooctanonitrile WM L &
# S MName 69 Eame:lF’?:rﬁLljznmh?ctananitrile ~
M 100- ormula: CgF15
1 5. Perfuorooctanoni MW 395 Exact Mass: 394.979122 CAS#: 647-12-1ID# 3771
| 119 F F F F F F F Other DBs: None
‘ ‘ ‘ ‘ | ‘ ‘ Comment AMDIS_Mame="Component at scan 604 (4.095r
< _* Ne— - InChiKey: FULLNJNBFUCWES-UHFFFAOYSA-M Mon-ste
Names f,_Stuctures [ Speclist | gp 131 — | | | | | | | ' Status: Accept| 2023-05-11-11:14:38 | yufang | updated chei
mainlib; 306571 total structures 169 Status ;
- | 26 100 F F F FoF F F cept 2023-05-11-11:14 yufang updated chemica
181 < 76 miz Values and Intensities:
31 50 len oLyl o1so ] 200 219 269 288 319 376 395 6 2| 31 45 | 38 1] 50 20|
1 0 LR o S L B B S L L R B v 5 1 | 57 5] 62 3| 68 2|
30 60 90 1200 150 180 210 240 270 300 330 360 330 69999| 70 13| 74 5| 762001 77 5| v
1000 900 | (5_combined pfas-01-2023.eval) Perflucrooctanonitrile < >
PlotText of Search Spectrum f_ Plot of Szarch Spectrum h Spec List J
# Lib. DotPr.. Distar ®
1T M 1000 1000 | Ferfluorooctanonitrile | Head to Tail MF=888 EMF=367 hd Ferfluorooctanonitrile
2 M 994 990 Ciffer=nce 1 Head to Tail /4, Side by Side _h_ Subtraction f 1000 10000
3 M 91 302 69 Mame: Perfluorooctanonitrile P
4 M 978 976 1004 Formula: CgFgM
5 M 978 0 EF F F F = F MWW: 395 Exact Mass: 394979122 CAS# 647-12-TNIST# 14
B M 977 985 ] | | | | | | | Other DBs: Fine, EINECS
Contributor: tabase, Dalian Institute, P.R. China
7 M 977 983 — : .
50 119 N= R - ev: FULLNJNBFUCYSS UHFEFAOYSA-N Non-ster
& M 977 983 169 ( 15 m/z Values and Intensities:
9 M 977 980 ] 76 g0 |13 F B F P B FF 1.99| 69999] 7 93 29| 100179
LM 977 971 i | ] | | B 218 269 319 395 11940 131231 169250| 181 90|
1. M 977 971 0 N R R A A S N . A 219 89| 231 59| 269 69| 319 50| 395 39|
. I ¥ 30 60 90 1200 150 180 210 240 270 300 330 360 330 Synonyms: v
< > (mainlib) Perfluorooctanonitrile < >
Names # Stuctures f Hit List |\ plotiText of Hit /Pt of Hit 7
Lib. Search J Cither Search I Mames I Compare J Librarian I
Type of Search: Hybrid Structure
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Workflow for Expanding PFAS El Library

l Automated QC
Software NIST MS Interpreter,
Structure Search,
Hybrid Search
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Artificial Intelligence prediction of Retention Indices to Aid in Experiment Design

. Predicts Rl of 231 PFAS using AIRI Program

F
e\ RI<850 RI>850
1,1,2,2,3,4-hexafluorocyclobutane
Chemical Formula: C4H5Fg

Exact Mass: 164.01

35% of PFAS measured on 65% of PFAS measured on
Headspace GC/MS method GC/MS by liquid injection

Functional Group
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(sulfonates , alcohols, acids, and sulfur acid)

—/ \ o

F
0 F F FF F FR FER
N5 F F F>k /
e > // OH
F

F F F

n

El direct, Silylation, Acetylation El direct, Silylation, ESI MS analysis

El direct Analysis .
Y and Methylation and Methylation
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HeadSpace GC-MS Method

* Sample Preparation: All PFAS were dissolved in acetonitrile at a concentration of 1 mg/ml. Different

chemical derivatization were done for compounds containing polar function groups.
* Headspace method parameters:
Incubation Temp & time: 70°C & 5-15 mins
Syringe T: 70°C One single run is
o completed in 15 mins
Injection Volume: 100 ul
°* GC Conditions:
Inlet T: 150 °C (Omin) -> 12°C /min to 250 °C (3 min) :
Oven T: -35°C (Omin) -> 5°C /min to 75°C (0 min) -> 20°C /min to 200 °C(0 min) ‘ i
GC Column: 30 m x 250 um x 0.25 pm |
Gas flow: 1 ml/min
Split Ratio: 100:1
Saturated Alkanes standard C3-C9 used as Rl calibration mix
* MS Conditions:
MS Acquisition Type: Scan Mode; MS Range: m/z 14-600

MS instrument was tuned by standard tune method prior to analysis of samples.
Mass Spectrometry Data Center




Spectrum Quality Control by NIST AMDIS

ﬁfile Analyze Mode View Library Options Window Help - 5 x
Bun Heg:alel Irfa... I Al Maximize

Abundance
100
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50

25

e

1 targets (T7), 14 components ()

Time: 1.67 310 453 5956 7.40 8.83 10,67 12.50 14.34
Abundance [24.3% AT (min):  Model +63
1.5083 s todel = +69u
1.5103 Rl =E59.4
1.5123 Width = 4.4
1.5282 Purity = 97
1.8841 Min. Abund. = 0014
22426 Arnount = 153
4 E379 Scan = 1615
4.7603 Peak Tailing = 0.7
5.7E35 S/M [ratal] = 965
9.2405 Basze Peak = 1914563
10,7322 Area = 36ER0E34
Intar.Signal = 35252844
125164 Extra 'wiidth = 1-1
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Perfluorohexyl iodide
Chemical Formula: C¢F ;1
Exact Mass: 445.88

Chromatographic peak meets the following requirements:
a) Peak Width: 3-10 scans
b) Purity > 90%
(90% ion current is accounted for in extracted spectrum)
c) Minimum Abundance = 0.094 out of 1
(noise level <0.1, the abundance of ions less than 0.1% will be removed)
d) Fraction Good > 0.90 out of 1
(90% ions in spectrum match the model of the compound)

A spectrum extracted by GC deconvolution program
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NIST MS Interpreter to Aid Spectrum Evaluation

This program determines the probable origin of peak ions using thermochemical rules

4.4 5,5,5-Pentafluero-1-pentancl, TMS - MS Interpreter — O >
File Edit View Options Help
(& 4= & [F T 2k Lo =
77 Formula Calculator || Maximum Rate: 77(chain) @ 235 m/z |
100_ Mass |,+|=|141 +[500 +| mDa| Logs -108 rfz | exactmjz | formula loss
. 141 1141 032189 |CsHRFa |CzH
Fomuda | [CaH15FS0s] | Perent-213 6reT4 |~ 0
91 17lons  |0+E|RDB| Mass |mDa|C|H|F]|C F
I 139 ¢ E CsHF4Si |Even| 25 [140 97782 22 [3]1 |4 » N/\Q /
CsH4F30Si [Even| 15 |140 . 99780-2 234 |3 FE /‘5'#\
F‘H_\_\ CaHF40 Even| 25 [140.99680(-4.2(4 11 |4
< >
50_ 121 F F | < >
O_S|_ Mass Spectrum for CBH15F505i; Mass = 250;
107 |
47
157 193 21 3) 235
O_ L_'|'_'_Ij'| T "l I — T T ?5
40 80 120 160 200 240 50
Name: 4,4,5,5,5-Pentafluoro-1-pentanol, TMS 25
Formula:C8H15F50Si ol N VO ITHL ¥ | A :
MW:250 mfz: 100 200

L-Click/R-Click => Mext/Prev fragment -
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Structure Similarity Search to Aid Spectrum Evaluation

Example: Dealing with unexpected fragment ions of spectrum

i_EiIe Search View Tools Options Window Help - 8 X

& EI 1. Structure: 44555 Pentafluoro-1-pentans ~ (H) T ») &

# Src. Name 77 Mame: 44,55 5-Pentafluoro-1-pentanol, TMS
) . 100+ [M 111]* Formula: CgH15F50Si
1oyt 44555 Pentafiuoro-1-per o1 MW: 250 Exact Mass: 250081233 |D# 2 DB y
< > 1 73 Comment |REET7.6| AMDIS_Name="Compor
Names /i Stuctures J Spec List 121 , InChiKey: WKL VGYYZRDLFA-UHFFFAQYS
b 306571 total stuctures 50+ 107 Status: Accept | 2023-05-22-16:37:58 | yufang |
' Status Log:
) 47 69 95
1 59 Accept 2023-05-22-16:37:58 yufang MNew
1 15 29 3T 193 215 235 249 Synonyms:
0- ' ) 1#IN=65230-TMS
1000 300 20 40 60 &l 100 120 EDD EED 24” EED D Trimathuliid 4 B G G-rnantafliarananhdinnde
(yf-2023-5-31.eval) 4.4.5.5.5-Pentaflucro-1-pentanal, TMS < >
# Lib. DotProd Distance * |\ PlotText of Search Spectrum /#_ Flot of Szarch Spectrum _,_Spec List J
1 M 1000 1000 = = = = = =
7 M 985 989 77 Mame: Pentafluoro-1-propancl, TMS derivati
3 M g9a4 937 100+ Formula: CgH11Fr05i
MW: 222 Exact Mass: 222 0499325 CASE: 89¢
4 M 983 997 ] [M-111]* -_0 Pl F Other DBs: None
E M 979 930 50+ P=in \)KKF Contributor: NIST Mass Spectrometry Data C
6 M 975 926 | 73 a3 9<TH > | F InChikey: LEDREUDRFGDMEBR-LUHFFFAOY
7 M 974 990 29 45p 63 |jDE'~ 125 . Synonyms:
5 M 973 986 D——,—r-w,-l»l-l»l-g';-'»-ﬂﬁkldn,-l- E}-l- SRR ¥ 15,9 ——— ,ED- 1 1.(2.2.3.3 3-Pentaflucropropoxy)trimethylsilan
S - - v 20 40 G0 80 1 I}I} 120 140 160 180 200 220 240 260 w
< > (mainlib) Pentafluoro-1-propanal, TMS derivative < >
Names ."{. Structures l.l'r Hit List PlotText of Hit .-'{. Filot of Hit lI,-"
] Lib. Search J Ctther Search I MNames I Compare I Librarian J
For Help, press F1 Type of Search: |dent Structure
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Hybrid Search to Aid Spectrum Evaluation

Ii' E 1. 4,4,5,5,5-Pentafluoro-1-pentancl, TMS e @ E:: @ @ @ ‘?’

# S Name 77 Name: 44,55 5-Pentafluoro-1-pentanal, TM3 A
1004 Formula: CgH15F50Si
Tyt 44555 Pentafuoro-T-pentanol, TMS 91 139 - MW: 250 Exact Mass: 250.081233 ID#. 2 DB: yF-2023-5-31.eval
73 - Comment |RI:817 6] AMDIS_Name="Component at scan 2568
1711 Y InChiKey: WNLJVGYYZRDLFA-UHFFFADYSA-N MNon-stereo
50 107 FF O—E!i— Status: Accept| 2023-05-22-16:37:58 | yufang | New spectrum
a & | 47 - 69 95 | | Status Log:
- Accept 2023-05-22-16:37:58 yufang MNew spectrum
MNames Structures 5 List 29
- A . ! pec 0 15I = II|_|| . J|I,, |L | | | I|| : 127 ! 157:‘ | 193 | 215I 235I 249 | | | Synonvms:
mainlib: replib: yf-2022-06-30.eval, 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 1.#IN=65230-TMS v
yF2022-08-31-litle eval yF2022-08-31 eval. (yF-2023-5-31 eval) 44,55 5-Pentafluoro-1-pentanol, TMS < >
yf-2022-10-31.eval, yz2_yf10-20-2017.eval: 1_primary; PlotText of Search Spectrum i Flot of Search Spectrum  f, Spec List [

3-8890_pfas: _119libs_20210830.eval:
|_rus_2020-11-09.eval; apci_msms_nist; .
ar20170504-combined.eval; biopep_msms_nist, . ; Hybr'd SearCh Spectrum
fixed eval; fixed2021-03-18 eval; fixed2021-03-23 eval E

hr_msms_nist; inventory; inventory-69498; investigate
spectrum: lona 2022-08-30.eval: Ir msms nist

- : 1. e . N A1 235 249
# Lib. Match RI Mame & TT™ T T T T Ly 163 171 " 235 243 285
yf 999 818 44555 Pentafluor ] - <
2 hi 987 - 44.555-Pentaflucr i -
: ] ) Delta mass = 50 u, CF,

3 wf 915 79 44 4-Trifluoro-1-bu S 1

4 yf 914 86‘1- 4I4l5l5lﬁlﬁlﬁ-Hepta T T T T T T T T T T T T T T T T T T T T

5 yf 881 914  445566.77.7-No 0 20 30 40 120 130 140 150 160 170 180 190 200 210 220 230 240 260 260 270 280 230 300 310

B _1 864 - JHTrifluoromethyl)e 44,55 5-Pentafluoro-1- Head to Tail MF=914 EMF=314 |[w 4.4.5,5,6,6,6-Heptafluaro-1-hexanol, TMS

7 y‘f 231 990 445566778289 Difference A Head to Tail z L
8 M 828 1000 3-(Perfluarchexyl)r - MName: 4.4 5.5 6.6.6-Heptafluoro-1-hexanal, TM3 ~
9 ar 828 1000 3-(Perfluarchexyl)g 1004 Formula: CgH5F705i

1. hi 823 - 5.5.6.6,6-Pentafluor | 73 145 fEE MW: 300 Exact Mass: 300.07804 |D# 19 DB: y£2023-5-31 eval

1M a18 1150 (4.4-Dif loh 191 Comment |R:864.4| AMDIS_Name="Component at scan 2829
(aDifluorocyclo 50 . S InChiKey: KOYMXFOMOBAAFQ-UHFFFAQYSAN Non-stere
1. ar 818 1150 (44-Difiuorocycloh 47 0-Si— Status: Accept| 2023-05-22-17:31:42 | yufang | New spectrum

1. f 816 907 5.5,6,6.6-Pentafluor ] 59 95 2 I Status Log:

1.1 8n - 3(Trifluoromethyl): N 51 | | 16 171 207 243 285 999 chﬁﬁt niig_23-05-22-17:31:42 yufang New specirum

1 - z T 1 1 I T T T T T T T _y_L

j" Ihl ZE’E ??‘55778%% No v 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 1#IN=73287-TMS v
< > (yf-2023-5-31.eval) 4.4.5,5.6.6,6-Heptafluoro-1-hexanol, TMS < >
Names j,_Structurss § Hit List PlotText of Hit /i Pt af Hit 7

Lib. Search J Other Search I Names Compare Librarian
Type of Search: Hybrid Displayed: Hybrid 250
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Spectra of PFAS with Different Fluoro- Numbers

M-111]*
100- 52
| F
61 77 F
50 73 F |
- O—Si—
41 45 65 103 | MW 200
L B I y ™ AR IR LS BB L ¥

] LI DL L L L B L B4 N L |
10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210
(yf-2023-05-31.eval) 4,4,4-Trifluoro-1-butanol, TMS

77

100-
[M-111]*
o 139 FF
F
121 FE AN |
107 O—-Si—
95 |
103 MW 250
||.84|.|..I|.... 1), 127 Ll 157 193 215 235 249
UL I DL LR B BRI B L

LI B LR B ' T
10 20 30 40 50 60 70 8 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 z
(2-primary_id67525-) 4,4,5,5,5-Pentafluoro-1-pentanol, TMS

77
100
145
73 [M-ll 1'I+ F F F
9 F
50 107 F F F |
47 O—Si—
103 121 |
O 14 20 sly I I s alle I | I|| I I I | II I|| II-l-lu-uI-l | II ol ||1 13 | s l-llu- 1l.. I- 163 207 243 28-5 299

-

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310
(2-primary_id67525-) 4,4,5,5,6,6,6-heptafluoro-1-hexanol, TMS
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Spectra of PFAS with Similar Structures Acquired by High Resolution GC-MS

107.0324
100~
F F
77.0218
F
501 E E o)
\ -
-
C,H,F.O [M-111]*
4 4 [ ] MW 236
oL 150232 27.9764 43.0000 630061 | | ol 125.0211 151.0388 201.0357 235.0575
LI L L L L L L L T rrrrrTrTrTrT T T T T T T T T L

I L AL B — T T T T L T L S
10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250
(highrespolyfluorotms.eval) 3,3,4,4,4-pentafluoro-1-butanol, TMS [in-source]

77.0217 “1111*
100 CsHgF;0 [M-111]
91.0354 @ EE
121.0257 F
504 F F |
107.0323 N
|
47.0293
0L14.0028 27.0232 , 170.0245  189.0936 2150507 235.0561 MW 250

B B T T T T T T T T AR
10 20 30 40 50 60 70 8 9 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260
(highrespolyfluorotms.eval) 4,4,5,5,5-Pentafluoro-1-pentanol, TMS [in-source]

100- 77.0215
F F
95.0324 F
C6H8F3O[M'111]+ F F
50 \
107.0324  127.0166 155.0478 o
Si
N\
410389 090298 l ‘ I MW 264
ol 150230 bl L b L : 15303237 171.0425___ 1930102207.0256____229.0653 __ 249.0724

T T T T T T T T LIAN T
10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270
(highrespolyfluorotms.eval) 5,5,6,6,6-Pentafluorohexan-1-ol, TMS [in-source]
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Proposed Mechanism for Generating the [M-111]* lon

4.4,5,5,5-Pentaflucro-1-pentancl, TMS - M5 Interpreter — O pt
File Edit View Options Help
@|| | | | @ |I||||T'l:| ? |k?| ITIU Low Res j_*|
Formula Calculator | Maximum Rate: 77(chain) @ 235 m/z
Mass | |= e miz | exact miz formula loss type abund | O+E
— IIM 111 [111.0441685 |CgHgF2SI |CeHEFsO [Highlighted | O Even
-CoH
16lons | O+E R |24 FEOF
CoHoFgSi |Even| .
CoHEF20Si| Even —C— Q‘CHQ
- ! _ H
CgHgFgD. Even FoE CHo CH% ? 3
CaHgFoSi | Even _
C4FOSI |Even 0 ﬁ'_CHS
CaHgFz Even| . CHg
= _ 1
F ( F +e f . F F
O M Loss of FSi(CH3); F 4o Loss of F- F .
F Na: — y % -0 . % -0
F Si C C=
N AR, P
FJ
X +
C8H15F5OS| * C5H6F3O
m/z 250.08 m/z 139.04
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SUMMARY

J A new procedure is presented for expanding coverage of the high-quality PFAS El spectra in the
NIST23 lib.

. A newly developed Al retention index program was utilized to differentiate the right PFAS for
Headspace GC-MS analysis. The optimal Headspace injection method was developed for these
highly volatile PFAS with Rl ranged from 300-850.

) Each spectrum was extracted from the total ion chromatogram using the NIST AMDIS program.
Confirmation of identity was aided with NIST developed MS Interpreter, Structure Similarity

Search and Hybrid Search algorithm, making it much easier to interpret most of fragmentation
lons.
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