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Key Points to Consider

|dentification of leachables and extractables IS a
problem in Trace Organic Analysis.

“Trace Organic Analysis” can be defined as the
gualitative and quantitative analysis ofi a
complex mixture of trace level erganic
compounds contained in a complex matrix.

Other similar problems include:
Analysis of pollutants in envirenmental matrices

Organic geochemical analysis
Metabolite profiling in biological matrices
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Key Points to Consider (continued)

Trace Organic Analysis problems require
(In general):
Some knowledge of the chemical nature of

the analyte mixture and matrix (Supplier
Infermation).

Removal/extraction ofi the complex mixture of
organic compounds from the matrix.

Separation ofi the complex mixture ofi organic
compounds into individual chemical entities.

Compound specific detection of the individual
chemical entities within the complex mixture.
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Compound Specific Detectors
(from the ridiculous to the sublime)

Single-crystal X-ray Spectrometer

ETIR (Fourier Transform Infrared
Spectrophotometer)

NMR'" (Nuclear Magnetic Resenance
Spectrometer)

Mass Spectrometer
GC/MS
LC/MS
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Plate 1. F. W. Aston with second mass spectrograph.
Plate 2. F. W. Aston's third mass spectrograph (1937).
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Sample Inlet Systems

Direct Insertion Probes (EI/CI/FAB)

Batchi Inlet Systems (AGIS/heated septum
Inlets/”targets™)

Gas Chromatographs

Liguid Chromatographs (with or without
separation in an HPLC column)
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lonization Processes

= electron Ienization

Of chemical ionization

- - field 1onization

-AB - fast atom bombardment

LSIMS - liguid secondary. Ion

TSP - thermospray

ESI - electrospray.

APCI - atmospheric pressure Cl

MALDI - matrix assisted laser desorption
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Mass Analyzers

Magnetic sector (high resolution)

Quadrupole filter (“benchtop”/Triple
Quad.)

Time-of-flight (scan rate/mass
range/accurate mass measurements)

Quadrupole 1on trap: (MS")

lon cyclotron resonance (FTMS/ultra-
high resolution/mass range/accurate
mass measurements)
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GC/MS — Circa Late 1980s

Circa 2006
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GC/MS — Electron lonization
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GC/MS Extractables Profile off an Elastomer

TIC: 02030301.D
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GC/MS Extractables Profile ofi Polypropylene

TIC: O7150303.D
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Interpreting a Mass Spectrum

Adduct ions/multiply charged ions (LC/MS)

Alternate Ionization technigues (EI/CI and
APCI/ESI)

Note features of the molecular ion
(obvious heteroatoms/nitrogen rule)

Rationalize significant fragmentation
Processes:

Structures of fragment ions
Mechanisms for fragment ion formation
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“Good” Library Search Result

Scan 3881 (15.899 min): O7110301.D
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“Questionable™ Library Search Result

Scan 5446 (21.468 min): O7110301.D
88

184
216

56 ‘ 1
il ST oot | [ Il ! Ll
e L e e LN s A A A A L A M L R L e e e e e e e e L LA e e s

20 40 60 80 100120140160 1802002202902602803003203940360

73
AWMH
P

1493167 M ‘231 >890
il.zoa |l 257 1 s66

#1111 7021: Zinc, bis(dimethylcarbamodithioato-s5,s")-, (T -4)-
88

44

304

1s 18a
‘ I

20 40 60 80 1001201401601 8020022029402602803003203940360

=4
“HM i |

April 2007 PQRI Training Course




“Questionable™ Library Search Result

Scan 7742 (29.639 min): O7150303.D
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Example ofi Chemical lonization (ammonia

T071703005 1173 (21.561) Cm (1171:1177-(1164:1168+1201:1214))
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Leachables Profile — 1 Week Timepoint
Expanded Section

Abundance

TIC: 11100303.D
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Library Search ldentification of *

Scan 4091 (16.-646 Mmin): 11100303.D
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Leachables Profile — 1 Week Timepoint
Expanded Section (2)

Abundance *
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Library: Search Identification of &
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Key Points to Consider

El Is under “kinetic control”. Therefore, El
spectra are reproducible and spectral libraries
can be employed (remember limitations of
libraries! I,

Cl is under “thermodynamic control”. It Is
useful for moelecular weight confirmation but no
libraries.

GC/MS provides both a chromatographic
retention time and mass spectrum (spectra)
which can be compared with an authentic
reference material (Good luck finding It).
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LC/MS Interfaces/lonization Processes

Moving belt/wire (transport device)
Thermospray (Unigue Ionization: process)
Continueus flow: FAB (transport device)

Particle-beam (transport device)

Electrospray (Unigue Ionization process)
APCI (transport device/ionization process)
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A “Modern” LC/MS System
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“Bench-top” LC/MS Systems
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Schematic of an Orthogonal API Source
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Features of
Electrospray

Often reflects solution chemistry.
(multiply charged Ions olbserved)

Operates at atmospheric pressure
ses a strong electric field

Flow-rate (optimum performance at
UuL/min)

Soft-lonization process
Extremely rugged

PQRI Training Course




April 2007

Features of APCI

Gas phase Ionization process
Operates at atmospheric pressure

Flow-rate (optimum performance at
mL/min)

Uses a corona discharge
Sofit-lonization process
Extremely rugged
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APCI LC/MS Extractables Profile(s)

UV @280 nm

o —
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Mass Chromatograms (Diphenylamine Acetone
Condensate)

m/z 210 (dimethyldihydroacridine)

3.12317

] 1.68 , 451 4.884.995.095.15
1 152 80 2, 426,67 )

T
T072303003

m/z 212 (isopropyldiphenylamine)

2.99

5.015.12 5.33 5.47

m/z 170 (diphenylamine)

| 2.05
1149 168 170192 219229 251 2.59 3.813.92 24440, , 499509 528539 5&5

IR R R
T072303003

April 2007 PQRI Training Course




APCI+ Mass Spectrum of
Isopropyldiphenylamine
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Irganox 1010

m/z 1199.5
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ARPCI+ Mass Spectrum lrganox 1010
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ARPCI- Mass Spectrum lrganox 1010

(ne Induced fragmentation)

T072303005 651 (17.394) Cm (648:655-(637:646+658:669))
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ARPCI- Mass Spectrum lrganox 1010

(Induced fragmentation In the 1on seurce)

T072303004 651 (17.401) Om (650:653-(643.649+657:663))
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HO

Structure and Fragmentation of Irganox
1010 in Negative lon APCI

HO
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APCI- Mass Spectrum; of Stearic Acid

T072303005 455 (12.161) Cm (452:461-(415:443+498:530))
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Triple Quadrupole Mass Spectrometer

collision gas
molecules

collisions occur

total mass (SRR

apecirum MESS
spectrum
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MS/MS Spectrum of Irganox 1076
(ESI+; products of m/z 531)

TOB1903006 1(0502) Sm(Mh, 20.75)

100,
[M+H-56]+

[M+H-2X56]+
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Structure and Fragmentation of Irganox
1076 In Positive lon APCI (MS/MS)

m/z 419

+H*

O

HO (CHz)z H O C18H37

m/z 475



MS/MS Spectrum of Tetramethylthiuram
Disulfide
(ESI+; products of m/z 241)

TORI903002 7 (0.153) S (Mh, 20.75); Om (4:18)
100/ &
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Structure and Fragmentation of
Tetramethylthiuram Disulfide in Positive lon
APCI (MS/MS)
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ESI+ TOF Mass Spectrum of TMTMS

B TIC of + TOF WS from trmms0 i
Calculators

=]

Elemental Cornposition I Hypermasz I Elemental T argeting I bl azz Property I lzotopic Distribution I

— lnput parameters I |
Calculate Show jzotopic E=port to file Help
Target miz [231.0051 = amu

Formula ... Calculated mia Error ppm Error

3 Ippm LI CE H12 M2 ha 53 231 .0054 -0.3585 -1 BEEE6
CSHE M2 OSMa s 231.0046 045355 21018

Tolerance: I

Besult type: IEIementaI LI

Intensity, cps

b ax num of results: 100

MiﬂDBE:I -0.5 MaEDBE:I 10

Electron state: IEven LI

Mum of charges: +1

I Zdd weater ™ Add protan

+TOF hi5: 0.220 to 0.293 min from tmm=01 niff Agilent

231.0051 Set elements and lirits |

420 0206

Intensity, counts

[M+H]+

R 3539997 STS.9573
T u T T L T T + T L T
200 260 a0 s00 a0 [={ulu]
mf=z, amu
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Expanded ESI+ TOF Mass Spectrum of TMTMS

M +TOF MS: 0.220 to 0.293 min from tmms01.wiff Agilent Max. 1.3e6 counts.

231.0051

233.0006
231.2400 232.0065

232.0 232.5
m/z, amu
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Elemental Composition Report for TMTMS
from ESI+ TOE-MS

Single Mass Analysis - displaying only valid results
Tolerance = 10.0 PPM / DBE: min = -0.5, max = 20.0

Monoisotopic Mass, Odd and Even Electron lons

43463 fo;mula(e) evaluated with 3 results within limits (all results (up to 1000) for each
ERS

Minimum: -0.5

Maximum: 2.0 10.0 20.0

WESS Calc. Mass PPM DBE Formula

231.0052 231.0052 : 0.2 8.0 12C4 1H2 14N9 23Na 32S
231.0051 : 0.6 9.5 12C11 1H7 14N2 32S2
231.0060 : -3.6 1.5 12C6 1H12 14N2 23Na 32S3
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Expanded ESI+ TOF Mass Spectrum of Irganox
1010

+TOF MS: 7.699 to 7.976 min from Irgonax 1010 2.wiff Agilent Max. 2.5e5 counts.

2.5€5 | 1199.7727

2.4e5
2.2e5
1200.77

2.0e5 00,7765

1.8e5

1665 ] M+NH4

1.4e5- 1194.8173

1.2e5
1195.8213

1.0e5

8.0e4 1201.7807

6.0e4

1196.8258

4.0e4 +

1202.7833
2.0e4 -
Oe 1197.8268

195.356 K jLZ 0.3141 1201.3150 ~1203.7858

1194 1196 1198 1200 1202 1204 1206
m/z, amu
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Elemental Composition Report for Irganox
1010 from ESI+ TOEF-MS

Single Mass Analysis
Tolerance = 5.0 PPM / DBE: min = -0.5, max = 40.0

Monoisotopic Mass, Odd and Even Electron lons

289500 f())rmula(e) evaluated with 3 results within limits (all results (up to 1000) for each
ERS

Minimum: -0.5

Maximum: 2.0 5.0 40.0

WESS Calc. Mass PPM DBE Formula

1199.7727 1199.7738 -1.0 19.5 12C73 1H108 16012 23Na
1199.7763 -3.0 22.5 12C75 1H107 16012
1199.7680 3.9 28.5 12C80 1H104 1607 23Na
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My Philesophy: with LC/MS

For CMC impurity profiling studies use APCI
as a primary technigue.

Reproduce the UV chromatogram.

Use every trick in the book to make APCI
work (mobile phase additives, alternate
acguisition technigues, etec.).

Use electrospray to complement and
confirm ARPCI.
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IPAC-RS Propoesed ldentification Categories

Table 2. Identification Categories for Structure Elucidation of Extractables
and Leachablesby GC/MSand LC/MS

Category | dentification Data
A Mass spectrometric fragmentation behavior
B Confirmation of molecular weight

Confirmation of elemental composition

Mass spectrum matches automated library or literature
Spectrum

Mass spectrum and chromatographic retention index
match authentic specimen
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|dentification Categories

A Confirmed! identification means that

identification categories A, B (or C), and D (or E)
have been fulfilled.

A Confident identification means that sufficient
data to preclude all but the most closely related
structures have been obtained.

A Tentative identification means that data have

been obtained that are consistent with a class of
molecule only.
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