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The Motivation for Hyphenation

In the vast majority of TGA experiments, gases are evolved. This represents information that
in most cases is ejected out of the roof of the building!
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I Reaction Products

Requires a heated transfer line so that the off-gases remain in the vapor state as they are

transferred from the TGA to the off-gas analysis equipment.
2 EN



Which Technique is Best?
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Continuous versus Non-continuous Spectra Collection
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Continuous: Multiple spectra
obtained over time during expt.

Non-Continuous: One spectrum
obtained at only one time during expt.
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Off-Gases Typically Analyzed

= Sometimes the gas or vapor of the substance under investigation.

= Sometimes reaction products of the substance under investigation.

= Sometimes degradation products of the substance under investigation.
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Types of Hyphenation: Infrared Spectrometry
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TGA - FTIR

FTIR (Fourier Transform Infrared Spectroscopy):

Advantages:
= Continuous method
= Fasy Spectral Subtraction

= Library searches are straightforward / deconvolution possible

Disadvantages:

= No detection of gases lacking a dipole moment
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TGA-FTIR: Analysis of Polyphenylene Oxide
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TGA-FTIR: Analysis of Polyphenylene Oxide
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TGA-FTIR: Analysis of Polyphenylene Oxide

0.0524
0.0504

i Linked spectrum at 42 921 min. (PPO-3 srs)

0.048
0.046 ]
0,044+
0.0424
0040+
0.038
00364
0.034
00324
0.030
0.0284
0.026

Absorbance

0.0244
nuzz-i
00204
0.0184
0.016 4
0014
00124
0.0104
0.008
0.006
0.004__ i \
0.002 4
w0 om0 w00 0 0w ase 2e00 a0 z00 200 180 e w0 00 a0 s 60
Wavenumbers (cm-1)

10 (A

TA



TGA-FTIR: Analysis of Polyphenylene Oxide

| Linked spectrum at 42.921 min. (PPO-3.srs)
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And Now a Word About Library Searches:

Libraries give the best single spectra match to the data presented.

...But if multiple components are being emitted during a single weight loss event, the spectra will
be superimposed upon each other possibly leading to difficulties.

The existence of searchable libraries does not relieve the analytical chemist from critically
analyzing the search results.

ThermoNicolet FTIR software can attempt to deconvolute a spectrum to a maximum of four
components. Demonstration can be found in this TA Instrument webinar:

https://www.tainstruments.com/evolved-gas-analysis-tgaftir/
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Types of Hyphenation: Mass Spectrometry

Gas lons lons

m=p> | lIonizer | =P | Mass Filter | B> | Detector

Relative Intensity

13

N

TA



TGA-Mass Spectroscopy

Advantages:

= Continuous method

= Higher sensitivity than IR Spectroscopy.
= Measures non-IR absorbing gases.

= Rapid response (gases drawn into capillary).

Disadvantage:

= Cannot distinguish between molecules with similar molecular weights. (e.g. N, and CO)
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The Discovery Mass Spectrometer (DMS)

= Benchtop, unit resolution quadrupole mass
spec designed and optimized for evolved gas
analysis (EGA)

= Quadrupole detection system includes...
— aclosed ion source
— a quadrupole mass filter assembly
— 1-300 amu range

— dual detector system (Faraday and
Secondary Electron Multiplier)
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TGA/MS: Experiments
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Relative Intensity

Barchart
— Scan across specified ion range - m/z 1 to

m/z 300

— Typically used as first approach for an
unknown compound

Peak Jump
— Scan specific ions

— Example, scan m/z 91, 65, 51, 39 if you are
looking for residual toluene Tolsene
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TGA : Analysis of Polyphenylene Oxide
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TGA MS: Polyphenylene Oxide (PPO)
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TGA-MS: Polyphenylene Oxide (PPO
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NIST Library Search Results

20

1004

51
53

65

52 0 63
Al ks 5| The
| | ks 20

o

66
|E}, 727

Raw Spectrum

107

21

7

78

MK
0 g4 2|94 97 |
(A R A A s e

NA

A

50 60 70
ext File) RGA Scan

Plot Text of Search Spectrum ) Plot of Search Spectrum A_Spes List

80 %0 100 110 120

130 140 150 160 170 180 190

Br8

210

100 Comparison

77

121

| 15118 ||,

128 132 147 151 155 164 167 176 179182 185 190

| 119‘ T

107 12

50 60 70

20 %0 100 110 1207

130 140 150 160 170 180 190

200 210

1= RGA Scan

| Head to Taill MF=742 RMF=830 [+

Phenol. 2,6-dimethyl-

[\_Difference )\ Head to Tail £_Sie by S ),_Subtiaction J

744 830R 16.5P

1004

79 91

93

103

107

|

122

Library Spectrum

OH

O
2,6 dimethylphenol

Name: Phenol, 2,6-dimethyl-
Fomula: CgH100
MW: 122 Exact Mass: 122.073165 CAS#: 576-26-1 NIST#: 149338 ID#: 19548 DB: replib
Other DBs: Fine, TSCA, RTECS, EPA, HODOC, NIH, EINECS, IRDB
Contributor: Chemical Concepts
Related CAS#: 28449-96-9; 50356-22-4
InChiKey: NXXYKOUNUYWIHA-UHFFFAOYSA-N Non-stereo
10 largest peaks:
1229991 1079391 773931 121374
912571 392531 78205| 51189
Synonyms:
1.2.6-Xylenol
2.2,6-Dimethyiphenol
3.1,2,6-Xylenol
4.1,3-Dimethyl-2hydroxybenzene
5.1-Hydroxy-2,6-dimethylbenzene
6.2,6-Dmp
7.NSC 2123
8.Dir enol (Related)

51
53 65
5
> |”5| I|I|.|. wllly Ll
5 60 70 8 9%
{replib) Phenol, 2,6-dimethyl-

5 3
100 110 120 130 140 150 160 170 180 190 200 210

<

~

PlotText of Hit A_Plot of Hit

N

TA



TGA-MS: Polyphenylene Oxide (PPO)
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Types of Hyphenation: Gas Chromatography / Mass Spectrometry
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7000000
B500000-
B000000-
5500000
5000000.
4500000-

4000000
3500000
3000000
2500000
2000000
1500000
1000000
= NMJ\J\M A A J',\ Al
25k ale ak ko 1) sh sk sl sk 70 ! !
431

Time-> ok 1% 15 200

{Abundance]

1300000
60.0
1200000
1100000
1000000
900000
800000
700000
600000
500000
400000
300000

200000
22

100000 151
38 121, |, 181 08 281

20
| L 0o [||Bs0 50 so 829 &0 28 70 @18 w8 %51 1050 1189 1219 (
mvz-> [} § 1 15 2 3 ES E3 0 & E % & n % & & % & W0 il o™ s R )




TGA — GC/MS

Advantages:
=Chemical Separation

mEasy library searching

Disadvantages:

=Typically time consuming — not a continuous measurement
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Anatomy of a GC/MS Run: Polyphenylene Oxide
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TGA-GC/MS: Analysis of Polyphenylene Oxide
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GC/MS Library Search; Largest Peak
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TGA-GC/MS: Analysis of Polyphenylene Oxide
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TGA-GC/MS: Analysis of Polyphenylene Oxide
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Evolve Gas Analysis — TGA Multiple Hyphenation

GC/MS FTIR TGA
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Linked Spectrometers
Linking an FTIR with a GC/MS
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Conclusions

= Hyphenation to a spectrometer allows for the chemical analysis of the off-gas products.
= Multiple hyphenation may allow for more complete set of spectral information.

= TA Instruments horizontal flow TGAs and SDTs provide superior TGA data for pairing with
spectroscopy data.
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