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TG-MS AND TG-FTIR
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Abstract

The thermal decomposition of sodium ethyl xanthate (SEX) was used to compare the tech-
niques of pyrolysis—gas chromatography-mass spectromelry (py—GC~MS3), thermogravimetry—
Fouricr transtorm intrared spectroscopy (TG-FTIR), and TG-MS.

In the py—GC-MS analysis, SEX was pyrolysed at 400°C in an incrt atmosphere. Major gases
evolved were carbon disulfide, dicthyl sullide, ethanol, and carbonyl sulfide. The TG of SEX ex-
hibited a sharp mass loss at 201°C (42.3%) and a gradual mass loss at 217-325°C (20.8 %). The
MS spectra of the evolved gases were complex duc Lo overlapping of molecular, isotope, and (Tag-
ment ion signals. Using the MS in selected ion monitering mode, the major gases evolved were
found to be carbon disulfide and carbonyl sullide. The FTIR spectra of the evolved gases dis-
played vibrational (tequenicies due o alkanes, carbonyls, carbonyl sullide, and carbon disullide.

From the analyses it was concluded that py-GC-MS provided unambiguous gas identifica-
tion. Interpretation of the MS results was reliant on the py—GC-MS results, and the FTIR data was
limited 1o identifying gases with very characteristic vibration frequencies.
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Introduction

Thermogravimetry (TG), when coupled with evelved gas analysis (EGA) tech-
niques such as MS and FTIR, can provide useful information on determining the re-
action(s) undergone during the decomposition of a material [1]. While TG-MS is con-
sidered as the most sensitive and versatile technique, TG-FTIR is more sclective [2].

If these EGA techniques are used 1o study a material that decomposes into a few
gases, identification of those gases is relatively simple. However, if a material de-
composes inte multiple gases, a number of problems arise [2]. Of these, the most sig-
nificant prohlem is the overlap of signals from difTerent gases, preventing identifica-
tion as well as quantification. For complex gas mixtures, a separation step must be
used if identification of specific evolved gases is required. The most popular system
is gas chromatography-mass spectrometry (GC-MS). Such methods can be either
ofllline, in which the evolved gases are bubbled through a solvent or into an absor-
bent and then injected onto a GC-MS; or on-line where the TG apparalus is coupled
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directly to a GC-MS [3]. Another technique that could be used is pyrolysis—gas
chromatography—mass spectrometry {(py—GC-MS). Most pyrolysis units operate by
heating the sample rapidly from ambienl o a set temperature, although some pyro-
lysis units arc temperature programmable. In the later mode the py—GC-MS system
is closest to the experimental conditions used in TG-GC-MS.

Activated carbon is widely used in the gold processing industry as a means of ad-
sorbing and thus separating gold cyanide ions {rom other species 1in solution. SEX 18
used as flotation reagent in the gold processing industry, but it can also adsorb onto
activated carbon, which reduces its cfficiency for gold adsorption. Thermal regen-
eration of the carbon is used to remove the SEX and any other compounds. There-
fore if the thermal decomposition gases of SEX are known, it 1s possible to deter-
mine il the SEX has adsorbed on the carbon and if the regeneration was ellicient [4].
Previous studies of SEX have found the gascous decomposition products to be di-
xanthogens, alcohols, elemental sulfur, dialkyl xanthates, thiols, carbonyl sulfide.
carbon disulfide, hydrogen sulfide, and metatlic sulfides {5].

The first objective of this paper is to compare TG-MS and TG-FTIR when used
(o study a material that decompaoses into a complex gascous mixture. SEX was cho-
sen for this role. The second objective is to assess the possibility of using py-GC-
MS to identily those gases.

Experimental

SEX was obtained from Hoechst chemicals, reerystallized [5], and kept in a des-
sicator. An elemental analysis combined with NMR and FTIR analyses confirmed
the sample was SEX.

The py—-GC~-MS analysis was performed with a Pyrojecior microfurnace (SGE
Scientific) interfaced via a capillary inlet system to a Hewlett Packard 5809A gas
chromatograph fitted with a 50 mx0.25 mm i.d. WCOT fused-silica cross-linked
mcthylsilicone phase column (BP-1, film thickness 0.22 pm, Hewictt Packard). The
SEX sample was diluted with ten times its mass of quartz. A pellet of this diluted
sample was introduced direetly into the pyrolyser maintained at 400°C. Helium was
used as both pyrolysis and carrier gas (linear velocity 60 cm s7%), and injections were
sphit approximalely 25:1.

Thermal anatysis experiments were performed using a Netzsch STA-409 instra-
ment fitted with a TG sample carrier and interfaced via a heated ransfer line {at
200°C) o cither a Bruker IFS 55 FTIR spectrometer fitted with a MCT (HG-Cd-Te)
detector, or to a Balzers Thermostar quadrupole mass spectrometer.

All analyses were pedfonmed o duplicate,

Results and discussion
py—GC-MS analysis
The gases identified from the pyrolysis of SEX at 400°C in an inert aimosphere

are presented in Table 1 along with their retention time, abundance, and molecular
mass. The evolved gases were identified using a mass spectra database.
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Table 1 Gases evolved from the py-GC-MS analysis of SEX pyrolysed at 400°C

Retention/ Abundance/ Molccular
min ) Gas evolved mass
l.64 1.34 hydrogen sulfide 34
1.78 11.0 carbonyl sutfide 60
513 17.5 ethanol 46
6.02 7.82 ethanecthiol 62
6.82 0.30 dicthyl oxide 74
7.32 28.2 carbon disulfide 76

16.8 21.5 diethyl sulfide 90
21.3 5.02 diethyl carbonate 118
28.0 118 diethyl disulfide 122
28.7 3.80 carbonothioic acid, O, 5, diethyl ester 134
339 0.39 dicthylthio methane 136
36.7 1.89 carbonodithioic acid O. 8. dicthyl ester 150

The pyrolysis produced 12 gases. of which carbon disulfide was thc most abun-
dant gas. Dicthyl sulfide, ethanol, and carbonyl sulfide were also high in abundance.
All other gases were considered as minor products. The pyrolysis of a less pure sam-
ple has been reparted previously (4], Nine of the gases are common between the two
studics, but the current study found another three gases, that is diethyl oxide, car-
bonothioic acid, G, S, dicthyl ester, and diethylthio methane, These extra gascs were
probably due to a higher purity SEX and slightly different py—GC-MS conditions.

TG analysis

The TG curve of SEX healed at 10°C min~" 1n a nitrogen atmosphere is presented
with the MS and FTIR data in Figs 1 and 2. The TG curve showed two distinct mass
losses. The first mass loss of 42,.3% was rapid occurring between 169 and 217°C.
The secand mass 1oss of 20.8% was gradual occurring between 217 and 325°C.

MS analysis of the evolved gases

The evolved gases were initially studied by recording the mass spectrum from
10-300 amu (attenuated mass unit) for cvery 10°C increase, from ambient to 500°C.
The mass spectra recorded were complex consisting ol numerous peaks. The peaks
were altributed 1o molecular, fragment, and isotope ions of numcrous gases. The mo-
lecular ion peaks were identified using the py-GC-MS data, and the other peaks
were assumed 1o be due to {ragment and/or isolope ions.

The evolved gases were then studied by sclected ion monitoring (SIM). The SIM
program was set to monitor the molecular ions of the evolved gases from ambicnt 1o
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Fig. 1 Ion chromatograms of the evolved gases of SEX heated at 10°C min Vina nitrogen at-

mosphere (Note: amu 76 has been reduced by a factor of 3)
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Fig, 2 TG-GS curves of SEX heated at 10 C° min Yin nitrogen

500°C. Ton chromatograms were produced for each evolved gas. Using the ion chro-
matograms the abundance of the gases for cach mass loss were calculated. The ion
chromatograms for the most abundant gases arce presented in Fig. |, and their per-
centage abundance arc reported in Table 2.

Although Table 2 shows the abundance of the major gases (95% of the total gases
evolved), there may be considerable error in the percentages reported. This is he-
cause fragment and/or isotope ion signals may overlap the molecular ion signals of
the same amu, thereby contributing o the ion abundance. Unfortunately the extent
of overlapping cannot he calculated. Thus in the discussion of the ion chromato-
grams and their abundance the overlapping duc to fragment and/or isotope ion sig-
nals has been ignored for simplicity.

In the Jinst mass loss all the gases evolved as sharp peaks and these coincided
wilh the TG curve. The most abundant gas was carbon disulfide, followed by car-
bonyl sulfide, ethanol, ethanethiol, and then hydrogen sulfide. All other gases were
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Table 2 Abundance of the major evolved gases from the TG-MS analysis of SEX heated at
10°C min"ina nitrogen atmosphere

Abundance/%

amu Gas evolved
first mass loss  second mass loss  total mass loss
34 2.50 5.60 8.10 fhiydrogen sulfide
46 5.64 0.77 6.41 ethanal
60 8.65 891 17.6 carbonyl sullide
62 3.58 0.83 4.41 ethanethiol
76 26.7 32.0 58.7 carbon disulfide

considered minor and unimportant. During the second mass loss, the gases evolved
over different temperature ranges. That is, the majority of carbonyl sullfide, ethanol,
and cthanethiol evolved at 260°C, while the majority of carbon disulfide and hydro-
gen sulfide evolved at 315 and 335°C respectively.

It is worthwhile to note that correction of the molecular ion chromatograms lor
fragment ion and/or isotope ion signals may be possible by using reference spectra.
However the reference spectra must be collected on the same mass spectromeler for
accurate and reliable correction. This was not practical for the mass spectrometer
used in this study. A rough correction was done using reference spectra from another
instrument. This indicated that below amu 60 the fragment and/or isotope ion signals
were very high, and above amu 60 they were low.

FTIR analysis of the evolved gases

A typical TG-GS (Gram-Schmidt) curve of SEX heated at 10°C min™" in a nitro-
gen atmosphere is presented in Fig. 2. The two mass losses on the TG curve coin-
cided with two pcaks on the GS curve.

The infrared spectra of the two mass losses are presented in Fig. 3. Identification
ol the ahsorption bands was performed using characteristic infrared absorption
wavelengths, The infrared spectrum of the first mass loss was complex due (o the nu-
merous absorption bands of many gases. Compounds that were identified as evolved
gases were alkanes, carbonyls, carbony! sulfide, and carbon disullide. Carbonyl sul-
fide and carbon disullide were the only gases detected in the second mass loss.

The absorption band at 3000-2800 ¢m™' was associated with symmetric and
asymmetric stretching of the C—H bond in methyl and methylenc groups [6, 7). This
region indicated the presence of alkanes. At the 2100-2000 em™ absorption band
there were two peaks. These peaks are due o the asymmelric and symmetric stretch-
ing of the carbonyl group contained in carbonyl sul{ide [8-10). The single 1760 ¢cm™
absorption band is in a region of the infrared spectrum which is characteristic for
compounds containing a carbonyl group. There arc also two peaks within the 1540-
1520 cm™" absorption band. These peaks are duc to the asymmetric and symmetric
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Fig. 3 Infrared spectra of the gases evolved from the (wo mass losses of SEX, a — first mass
Inxs, b = sacond mass Inss

stretching carbon disulfide douhle bonds |9, 11]. Below the 1520 cm™! region in the
liist mass loss spectra there are numerous peaks. Identification of these peaks is dif-
ficult and it is most probable that these peaks are due to vibrations associaled with
alkyl and carbonyl groups. Finally the peak at approximatcty 859 ¢cm™ has been at-
tributed 1o streiching of the C-8 double bond in carbonyl sulfide [8-10].

Conclusions

The py-GC-MS analysis of SEX was the only technique that permiticd unambi-
guous identilication of the evolved gases. The TG-MS mass spectra recorded were
complex, consisting of molecular, fragment and isotope ion peaks ol many gascs.
Thus identification of the molecular ions was reliant on the py—GC-MS data. Al-
though STM was used to monitor the molecular ions, the abundance was not accurate
due 1 the possible overlapping of molecular and fragment or isowope ions. The in-
frarcd spectra of the mass losses were also complex. The spectra showed the pres-
ence of alkyl and carbonyl compounds, carbon disulfide, and carbonyl sulfide.
Theretore this paper shows that TG-MS and TG-FTIR are insufTicient for the iden-
tification and momtaring of gases in a complex mixture. Although py-GC-MS is
suggested as an alternative identification technique, the high heating rate may affect
both the relative abundance and the number of gascs evolved,
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