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ABSTRACT

Techniques for coupling mass spectrometry (MS) to thesmogravimetry (TG) have been
previously described. A total condensation method is best suited for identification of off-
gases at various weight loss steps. For continuous mnonitoring of evolved components
during the weight loss process, a glass-tee interface has been found effective in most appli-
cations. The present paper describes a glass tubing-tee interface used in conjunction with
a sampler to provide great versatility. Both enrichment and recovery are improved
without mass discrimination. The thermogravimetric analyzer ecan be operated under
vacuum or with a gas flow. Examples will be given to illustrate the use of this technique
for either qualitative or quantitative analysis of a variety of materials.

INTRODUCTION

Various approaches have been reported in the literature to combine the
two powerful techniques, thermogravimetry (TG) and mass spectrometry
(MS), for the characterization of materials. Direct connection of the TG and
MS instruments is possible, but the TG experiment can be performed only
under high vacuum [1—4] or under certain types of reagent gas to aliow
chemical ionization MS [5]. For flexible control of the atinosphere and easy
adaptation to various types of instrumentation, an interface is inevitably
employed. Successful interfaces reported include: metering valve [6,7], capil-
lary [8—12], orifice [11,13,14], capillary—orifice [15,14], jet separator—
orifice (15), and metering valve—jet separator [16]. However, none of these
interfaces meets all the desirable features for such a coupling: easy adapta-
tion, flexible atmosphere control, high yield, high enrichment, low mass dis-
crimination, short time of sample transfer, and quantitative introduction of
sample.

In a previous presentation, two techniques for coupling TG and MS have
been described [17]. A total condensation method ensures the highest yield
and enrichment with very little mass discrimination, thus ideally suited for
identification of off-guses at a certain weight loss step. But this method does
not monitor the off-gases along the TG profile continuously with MS. For
continuous ion monitoring during the weight loss process, a glass-tee inter-
face has been found effective. The present paper describes improved inter-
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faces to provide great versatility. Both enrvichmen? and yield are enhanced
without much mass discrimination. The ‘i’(; instrumeni can be operated
either under vacuum or with a gas flow. . ‘producible sampling is also
achieved for quantitative analysis.

EXPERIMENTAL

The schematic diagrams of the two interfaces used in this work are shown
in Figs. 1 and 2. Both counsist of a tee section and a constant volume sampler.
The tee contains a tubing of an inside diameter of 1—2 mm, the end of
which is either open to the TG furnace (Interface I) or to the sampler (Inter-
face II). One arm of the tee is conneci.d to the furnace tube of the duPcnt
951 TGA, while the other is welded to the stopcock of the sampler. The
third arm is either vented into the atmosphere or connected to a duo-seal oil
pump. Although the tubing-tee structure and the sampler can be made from
metal, they are constructed from glass for the present work. For easy clean-
ing by heating, the tubing-tee part is best made from quartz. The sampler is
connected to tne heated inlet of the duPont 21-104 mass spectrometer. A
3-1 gas reservoir and a gold leak tube are placed between the iniet and the ion
source. To achieve the highest sensitivity, the sampler can also be directly
connected to the ion source through a direct probe attachment.

When the TGA is operated in a flowing gas mode, the gas flows through
the tubing-tee interface and vented into the atmosphere through the third
arm. To take a sample for MS analysis, the sampler already under vacuum
sucks inn a constant volume of ca. 4 ml of gas through the tubing as soon as
its stopcocks are turned momentarily. No enrichment is accomplished in this
mode of operation. To enrich the sample components in a helium stream,
the third arm is connected to the oil pump :nd both stopcocks of the
sampler are open to the MS. Accordingly the mass spectra are taken conti-
nuously. Our tests with hydrocarbon mixtures show an enrichment, of five
times is obtainable with Interface II and two times with Interface I.
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RESULTS AND DISCUSSION

One of the most useful applications of coupled TG—NMS is composi-
tional analysis of unknown complex materials. For example, an aerosol spray
used for coating cooking utensils was examined. After the solvent was
removed, the residue was analyzed by coupled TG—MS with Interface I. As
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Fig. 3. TG—MS of a coating spray. Sample weight, 47 mg; heating rate, 2°C min~!; helium
flow, 30 ml min~}!; Interface I.
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shown in Fig. 3, TG showed two main weight losses of 43% ancl 56% in the
temperature ranges of 275—425°C and 475—575°C, respectively. MS identi-
fied the first weight loss as due to methyl methacrylate (MMA) and the
second weight loss due to tetrafluoroethylene {(TFE). If the rel.tive ion
intensities of mass peaks 41 and 81 are plotted as a function of tem;erature,
the changes in concentrations of MMA and TFE in the volaiilized products
are obtained in relation te the weight loss profiles. Figure 3 shows excellent
correspondence between TG and MS results. The coating is thus determined
to contain 43% PMMA and 56% PTFE.

TG provides quantitative information on total weight loss at a ¢certain tem-
perature, but not the nature of the lost material or the amount of a specific
component in the lost material. MS adds an additional capability of identi-
ficatiorn and determinaticn of the relative composition of the off-gases. How-
ever, to rzlate the amount of any specific component in the off-zases to the
original sample requires the determiration of the absolute weight of the
component from MS data., We have attempied to achieve this by introducing
the sample reproducibly into the MS by means of a constint volume
sampler. The technique is demonstrated by analysis of ethylene/vinyl acetate
(E/VAc) copolymers. A typical weight loss curve of polyvinyl acetate or
E/VAc copolymer is shown in Fig. 4. The first major weight loss step in the
vicinity of 250°C involves the quantitative liberation of acetic acid, and has
been used for determination of VAc content in such copolymer sy:tems [18].
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Fig. 4. TG—MS of polyvinyl acetate. Sample weight, 55 mg; heating rate, 2°C min™!;
helium flow, 30 m! min™!; Interface I.
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Fig. 5. Correlation of ion intensity peak area with weight of acetic acid produced from
decomposition of ethylene/vinyl acetate copolymers. (QO) 100% VAc; (©) 39.1% VAc; (D)
19.9% VAc; (V) 8.8% VAc.

When the relative ion intensity of mass peak 60 of acetic acid is plotted vs.
temperature, as shown in i"ig. 4, the integrated peak area is a measure of the
total amount of acetic acid. This is shown in Fig. 5 by plotting the peak area
vs. the weight of acetic acid for four polymer standards containing 8.8, 19.9,
39.1 and 100% V Ac, respectively. The correlation is quite satisfactory. Such
a technique is very useful in the determination of a selected component with-
out interference from other materials.

One main feature of the present interface is its flexibility to allow atme-
sphere control. This is illustrated in the degradation of calcium acetate
monohydrate in various atmospheres as studied by the TG—MS technique
using Interface II. In a flowing hzlium atmosphere, calcium acetate monohy-
drate shows three main stages of weight loss: stepwise dehydration, decom-
position of the acetate to form acetone and calcium carbonate, and decai-
boxylation to generate carbon dioxide. These products are clearly shown in
the mass spectral data at various weight loss steps shown in Fig. 6. The degra-
dation mechanism for the second weight loss step is completely different in
an oxidative atmosphere, as shown in Fig. 7. Violent combustion results in
- rapid evolution of carbon dioxide and water, and very little acetone is pro-
duced. The results obtained under vacuum are similar to those obtained in an
inert atmosphere as expected, and shown in Fig. 8. It should be noted that
the ion intensities are much more intense in the vacuum runs mainly because
of sample enrichment through the use of the interface.

The high resclution of the present instrumentation has revealed the com-
plex nature cf the seemingly simple decomposition of calcium acetate
monohydrate. The existence of two intermediate hydrates, Ca(CH.COO), -
0.5 H,0 and Ca(CH;COCj}, - 0.25 H,0, are confirmed by both TG and MS
results shown in Figs. 6—8 [19]. The decomposition of the acetate to pro-
duce acetone apparently also involves other side reactions.



80 T T Y T T T T T 3.9
50 TG 430 £
€
~
o
40 -25 E
o 73
E [%2]
o 30~ 420 9
= . =
20 — ~1.5 =
[P
)
10 - ~- 10 w
_
S
QR DTG -1 0.5
-0
I I i . 11 1 i 1
H H H H 1 1 ]
> 500 -
1)
Z 400k M/e = 43 (ACETONE) -
2
= & 300 . A
S MS
Léié 200
=
| 100
u
@ !
o Le==E R T T M, |
o} 200 40 e0C 800

TEMPERATURE, °C

Fig. 6. TG—MS of calcium acetate monohydrate. Sample weight, 52 mg; heating rate, 2°C
min~!; helium flow, 30 m! min~!; Interface II.
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CONCLUSION

monitoring during the weight loss measurements.

A unique interface for coupling TG and MS has bezen described, which can
be readily adapted to most existing instruments, allows atmosphere control,
and provides reproducible sample introduction for quantitative analysis. The
interface has the potential of further automation through the use of elec-
tronic devices. Many important applications can be visualized. For instance,
kinetic studies of overlapping reactions are possible through selective ion
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