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“See what I mean?  Nobody 
gives a damn anymore!”



Purpose/Outline

• NOT - review of “GC/MS of polymers”
• Maybe - nudge to get people thinking about:

– Methods
– Applications
– Problem-solving

using a familiar conventional tool



Soft/Selective Ionization & Detection

• EI/CI/K+IDS/etc. – well characterized response
• EC, nitrogen, FPD, AED, etc. GC detectors
• MS/MS
• AMDIS
• High resolution/exact mass



Polymers & GC/MS – Why bother? 

• Tradition – inexpensive, readily available, simple
• High dynamic range of concentrations
• Very high separation power
• Small molecules are important!  

Odor, taste, leachates, catalyst poisons

• Thermal behavior of polymer

• Structural details via pyrolysis

• Additives & degradation products



Publications? – not so much;
the “good stuff” is ™, ®, ©, ⊗, 
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Neoprene Additives

• Acid acceptor
• Vulcanizing agent
• Vulcanizing accelerator/catalyst
• Vulcanizing terminator
• Antioxidant
• Antiozonant
• Filler
• Plasticizer
• Lubricant
• Rheology adjuster



Potential Small-Molecule Additives

• free-radical scavenger, quenchant
• heat stabilizer
• nucleating agent
• odorants, flavors
• optical brighteners
• packaging/barrier scavenging agents 

(H2O, O2, C2H4)
• plasticizer
• surfactants, compatibilizers
• time-release agents (anti-oxidants, 

drugs, etc.)
• UV absorber/inhibitor
• viscosity/rheology adjusters

• adhesion promoter
• anti-biologics (fungi, bacteria, 

virus, algae)
• anti-foam/foaming agent
• anti-fog agent
• anti-oxidant
• anti-static, anti-dust agent
• biodegradation enhancer/facilitator
• blowing agent (inert gas, reactive 

decomposition agent)
• coupling/cross linking
• dye, mordant, dye facilitator, anti-

migration
• fabrication (spin/mold/inject) aid
• flame-retardant



Emerg -ing -ed  Technologies
• GC/GC/MS
• Exact mass GC/MS (ionizing and non-ionizing radiation 

by-products)
• Newer column technologies:  PLOT; Tmax>400º

– light reactive gases (HCN, HCl, CH2O2, NH3, COCl)
– heavy components (Irganox 330, 1076, 1035 – MWs 

500-700)
• New adsorbents, dynamic headspace, SPME, supercritical 

fluid extraction
• Advanced sample introduction – PTV, TCT, Cold-on-

column, TGA/MS
• py-GC/MS for polymer architecture coupled with 

modeling, 2D-GC, exact mass identifications



Small Molecules Matter



Polymer VOC Sampling

Benzene - known human carcinogen 
Acetone - a mucosal irritant 
Cyclohexanone - possible human carcinogen 
Ethylbenzene - systemic toxic agent 
MIBK - systemic toxic agent 
n-Hexane - CNS agent 
Styrene - probable human carcinogen 
Toluene - CNS agent 
Xylenes - fetal development toxic agent 

Stephen Brown (CSIRO) 
monitoring VOC emissions. 



New Automobile VOCs
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Headspace

• Techniques:
– static & dynamic 
– large volume injection, “TCT”

• Applications:
– residual monomer
– odor defects
– blowing agents
– outgasing 



Headspace – polymer genealogy

Components trapped within a polymer – fingerprint for 
synthesis, additives, processing:

Polyolefin alkanes:olefins
HDPE 49:51
LLDPE 83:27
LDPE 62:38

Work with BP,  Willoughby, et al.  Polymer Testing 22 (2003) 553-570.



Headspace – defective surfactant

Surfactant (control)
Ai

r

C
O

2

H
2O ac

et
al

de
hy

de

ac
et

on
e

is
op

ro
py

l m
et

hy
l e

th
er

di
m

et
hy

l c
yc

lo
pr

op
an

e

si
lo

xa
ne

 b
ac

kg
ro

un
d

oc
ty

l f
or

m
at

e

bu
ty

l f
or

m
at

e

he
xa

ne
m

et
hy

l b
ut

yl
 e

th
er

bu
ta

no
l

ac
et

ic
 A

ci
d

Pe
nt

an
e

m
et

hy
l a

ce
ta

te
m

et
hy

l p
ro

py
l e

th
er

Defective (oxidized)
surfactant

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
Time (min)

0

1

2

3

4

5

6
0

1

2

3

4

5

6

R
el

at
iv

e 
Ab

un
da

nc
e

ac
et

ic
 A

ci
d



Headspace – dynamic + cryo-trap

formaldehyde
Water

methanol

acetaldehyde

dioxolane
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Headspace – additive package problem

missing components



Headspace – EO monomer

60 m x 0.25 mm x 1 micron film DB-1701; 
0ºC 6 min, 40º/min  to 270º

methanol

ethylene oxide,
+ 1 ppm 13C2H4O



Headspace – Odor in plastic
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Headspace – odor in blowing agent
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Headspace – co-monomer oligomers
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Extraction
• Techniques:

– “conventional”
– cryo/grinding
– hot solvent/melt state
– supercritical fluid
– SPME 

• Applications:
– Flame retardants, additives
– light oligomers (hexane, ethanol, acetic acid, etc.  

extractables tests)
– polymer & additive decomposition products



Beyond VCM - PVC tetramer

Cl
Cl

Cl Cl
1960s – workers at the Tech. 
Hochs. in Muenchen noted after 
42 days, “beer from plastic bottles 
was similar in flavor to beer from 
glass bottles”.

1990s - PVC tetramer, 
typically 10-20 ppm in bottle 
resin

1980s – VCM 
limited to < 1 ppm

now – medical devices & 
sterile packaging
may require < 100 ppb



polymer odor problem extract
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plastic – CH2Cl2 extract
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plastic – CH2Cl2 extract
< 1 ppm C14-18 olefins
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Pyrolysis GC/MS
Began in 1954, Dunlop Research Center, Birmingham, UK; W. H. T. Davison; 

vulcanized and unvulcanized rubber

• Applications:
– Monomers
– End groups
– Branch points
– number average sequence length (based on dimers & trimers)
– mole % composition
– Blockiness
– Flame retardant studies (mechanisms, active agents, degradation products)

• Example systems examined:
– vinyl chloride/vinylidene chloride
– chlorinated polyethylene
– styrene/butadiene
– styrene/butyl acrylate
– styrene/methylmethacrylate
– styrene maleic anhydride
– PMMA tacticity
– vegetable oils



py-GC/MS Derivatization

• Hydrolysis & methylation of acids to esters 
(tetramethylammonium hydroxide; trimethylsulfonium
hydroxide)
– methacrylic acid polymers, simplifies & directs pyrolysis
– polycarbonates, methyl esters facilitate CNL MS/MS scans
– Hindered Amine Light Stabilizers, quantitation from 0.1-5%

• Hydrogenation of mixed alkane/olefin products – simplified 
branch point identification

• Steam hydrolysis/cleavage - polyurethanes, epoxies, aging
• Silylation with BSTFA or hexamethyldisilazine – polar, 

oxygenated resins



Pyrolysis – Copolymer Latex
peak # MW structure
1 56 butene 
2 74 butanol 
3 100 methyl methacrylate 
4 92 toluene 
5 128 butyl acrylate 
6 104 styrene 
7 118 methylstyrene 
8 384 butyl acrylate trimer 
9 360 (styrene)(butyl acrylate)2
10 336 (styrene)2(butyl acrylate) 
11 312 styrene trimer

latex methanol extract reacted with tetrabutylammonium hydroxide (40% in water).  see Frank Cheng-Yu Wang, Analytical Chemistry, 1999 



GC/GC/MS
• Driven by:

– improved switching/modulator technology
– improved columns
– increased (MS vs. FID) sensitivity
– improved software (> 1Gig/sample!)

• Typical polymer-related applications:
– Feedstocks:  trace components
– Pyrolysis:  high complexity
– Extracts:  matrix removal



Flame Retardants - background
EU directive 2003/11/EC, effective 8/15/2004, prohibits sale of materials 
with > 1,000 ppm each of pentabromodiphenylethers and 
octabromodiphenylethers

“Brominated Flame Retardants in the Atmosphere of the East-Central United States”. Eunha
Hoh and Ronald A. Hites.  Environ. Sci. Technol., 39 (20), 7794 -7802, 2005



PDBEs – urban source?
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use in past
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Flame Retardants – active sampling

Combustion products from PS, indicating brominated species formed: 2-
bromophenol (1), benzylbromide (2), 1-allyl-2-bromobenzene (3), 2,4-
dibromophenol (4), 2,6-dibromophenol (5), 2,4,6-tribromophenol (6).

Koen Desmet, Marc Schelfaut and Pat Sandra.  Journal of Chromatography 
A ; Volume 1071, Issues 1-2 , 15 April 2005, Pages 125-129



Flame Retardants – GC/GC/MS

external standard calibration

human serum sample

“Measurement of Selected Polybrominated Diphenyl Ethers, Polybrominated and 
Polychlorinated Biphenyls, and Organochlorine Pesticides in Human Serum and Milk 
Using Comprehensive Two-Dimensional Gas Chromatography Isotope Dilution Time-
of-Flight Mass Spectrometry”. Jean-François Focant,* Andreas Sjödin, Wayman E. 
Turner, and Donald G. Patterson, Jr.  Anal. Chem., 76 (21), 6313 -6320, 2004



“Plastic” taste from HDPE Packaging

8-nonenal

2D GC by Bob Sanders @ Procter & Gamble 
aldehyde in resin:  4 ppb max, anti-oxidants 
reduce to < 1ppb



need for forensic analyses



PBO Fibers



PBO Decomposition Possibilities 
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hydrolysis

phenols, anilines, benzonitriles, HCN, CO2

potential  products

Analysis of chemistry behind failures requires GC/MS



On-line & At-line Analysis
• High speed analyses, process MS &/or GC backed by 

GC/MS:
– manufacturing/fabrication support
– Symix, catalyst studies, formulations development

• Now driven by:
– “inexpensive” process MS & GC instruments
– popularity of High Throughput and Combi-chem

approaches
– improved software & control systems



Polymer Barrier Film Transport

• gas phase:  oxygen, water
• liquid phase:  osmosis, water purification
• “active/intelligent” packaging - emerging area

– dessicants
– odor scavengers (acetaldehyde)
– ethylene absorbers
– anti-microbials (ClO2, ethanol) 



Conclusions

• All polymers contain residual small molecules (synthesis, 
processing, history)

• Most polymers contain complex mixtures of additives

• Most polymers can be reproducibly degraded/derivatized to 
useful “bites” 

• GC/MS approaches “re-energized” by new technology
– extraction/concentration:  SPME, supercritical fluids
– GC:  2D-GC, injectors, columns
– MS:  inexpensive MS/MS,  exact mass
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