
Introduction 

With today’s technological 
advances, hyphenated systems are 
becoming more popular and, in 
turn, more accessible. Hyphenation 

has been adopted to resolve a collection of questions otherwise unanswerable 
with current instrumental techniques. One particular area that has benefited 
greatly from this technology is thermal analysis. By combining a thermal 
gravimetic analyzer (TGA) with a mass spectrometer (MS), scientists are now 
able to characterize volatile constituents as they are released from their parent 
material during testing.1 In this investigation, two dyes, LLODIO and NIC, were 
analyzed by TG-MS in order to simultaneously retrieve thermal and mass 
spectroscopy data. TIBCO Spotfire® has been employed to import this data 
from each instrument and view it within the same chart. 
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Experimental

The analysis was performed using a PerkinElmer Pyris™ 1 TGA 
hyphenated with a Clarus® 600 GC-MS on a sample of two dyes 
with the designated names LLODIO and NIC. These dyes are used 
in the process of making azulejos, a characteristic Portuguese tile 
known for its blue hue2. The gas chromatograph was bypassed 
and run without a column so the sample flow traveled directly 
from TGA to MS. A ramping method was used that began at 
room temperature and increased to 900 °C at 20 °C/min.  
Three data tables were first utilized in this analysis to visualize 
TGA and MS total intensity data. The TGA table provided the 
columns Time, Un-subtracted Weight, Baseline Weight, Program 
Temperature, Sample Temperature, and Approximate Gas Flow. 
The Total and CO2 MS tables, produced from the sample’s 
chromatograms in TurboMass, provided the columns Time and 
Intensity. All three data tables were uploaded to TIBCO Spotfire®. 
In order to view the TG-MS data on one graph, column matches 
had to be made to link the data tables at specific points. For this 
example, the MS Total Intensity and MS CO2 Intensity columns 
were added to the main TGA data table. Two initial Combination 
Charts were then created: Figure 1, showing Weight Loss and 
Overall MS Intensity against Sample Temperature, and Figure 2, 
illustrating Weight Loss and CO2 MS Intensity against Sample 
Temperature. Upon further analysis of the spectra in TurboMass, 
hydrogen sulfide and sulfur dioxide were identified.

Results

LLODIO and NIC samples are known to develop an exothermic 
peak at approximately 780 °C corresponding to the release of 
hydrogen sulfide. Existence of this peak indicates a quality dye 
sample that will lead to a high-quality product of azulejos. By 
performing a TG-MS analysis on the dye sample, researchers should 
expect to see a strong downward slope around 780 °C along the 
X-axis in the Un-subtracted Weight curve and a peak at the same 
location in the MS Total Intensity curve. The decrease in 
un-subtracted weight indicates that a volatile constituent is being 
released from the sample while the rapid increase in intensity 
parallels the MS interpreting and characterizing the material. Figure 
1, instead, shows a continuous increase in total intensity from 
approximately 633-890 °C. 

From the chromatogram produced by the Clarus® 600 GC-MS,  
it could be deduced that H2S was, in fact, present in the dye 
sample. In Figure 3, peaks were identified with mass-to-charge 
ratios of 34, 44, and 64. These peaks were believed to be 
hydrogen sulfide, carbon dioxide, and sulfur dioxide, respectively. 
As volatile organic compounds were released throughout the 
analysis, it was expected that some of these gases would react 
with oxygen in the air and form CO2 as a result. In Figure 4, it can 
be observed that CO2 was present throughout the duration of the 
sample run. The intensity of carbon dioxide peaks at both 14.03 
minutes and 28.17 minutes. Looking back at Figure 2, these 
peaks occur after the release of new constituents, around 319 °C 
and 595 °C, confirming its identification. 

Since hydrogen sulfide (H2S) was a known chemical within the  
LLODIO and NIC dyes, it was expected to be present in the 
sample. Identifying this component would indicate that the 
sample was of good quality. Due to the fact there was no 
individually distinguishable peak at 780 °C in Figure 1, the 
presence of H2S had to be verified in a different manner. As 
stated earlier, the peak present at 34 in the chromatogram of 
Figure 3 indicates the presence of H2S. Once confirming that 
sulfur was present, it was also determined that sulfur dioxide 
would form through the oxidation of hydrogen sulfide as it was 
released. The formula for this equation is shown below:

   2 H2S(g) + 3 O2(g) → 2 SO2(g) + 2 H2O(g)

Figure 2. Combination Chart displaying the weight loss and CO2 MS intensity against 
sample temperature.

Figure 3. Chromatogram showing the intensity vs. m/z ratio for LLODIO and NIC dyes.

Figure 1. Combination Chart displaying the weight loss and overall MS intensity against 
sample temperature.
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Figures 5 and 6 show the MS intensity chromatograms of H2S 
and SO2 through the sample run, as characterized by their 
molecular weight. Both compounds are present throughout the 
life of the run, although SO2 does not readily present itself until 
approximately nine minutes into the process.

A repeating pattern was identified along the mass-to-charge  
axis in the MS chromatogram. Upon inquiry, this pattern was 
recognized as the isotope ratio for sulfur. Sulfur’s most common 
form is that of 32S, but it can also be found as 33S and 34S; the 
percent abundance for these isotopes is approximately 95 %,  
0.75 %, and 4.20 %, respectively3. Other isotopes of sulfur exist, 
but were not of importance in this characterization. Along the 
X-axis, the isotope ratios were found at 62-66 m/z, 96-98 m/z, 
128-130 m/z, 160-162 m/z, and 192-194 m/z. The presence of 
these peaks indicated that compounds such as S2O4, S4, S5 and 
S3O6

2- may have formed, but regardless of the compound, it 
confirms that sulfur was, in fact, present in the initial dye sample. 

Conclusion

Since Time was the only column the individual data tables had  
in common, this would have been the only categorical variable 
possible to plot on the X-axis in order for both the TGA and MS 
data to be displayed without linking. Linking the data tables, 
however, made it possible for the Combination Chart to display 
Sample Temperature along the X-axis in the desired format. 
Gaining the ability to place TG-MS sample data in the same  
plot allows an analyst to characterize volatile components by 
quantifying a material’s weight loss. MS intensity can be 
observed in conjunction with the temperature at which the 
volatile constituent was released. Having the data overlap also 
allows one to select an area of interest and compare data points 
on multiple curves simultaneously. If it is desired that components 
be broken up into different plots, this marking will carry over to 
the additional plots as seen in Figures 7A and 7B.

There was a delay of approximately three minutes between  
the initial times that TGA and MS data began collecting. This  
was due to the time it took for the volatile compounds to travel  
to the MS after they had been released. In each of the charts, 
MS intensity should be shifted so that the collection times begin 
concurrently. In doing so, this would move the H2S peak that 
was expected to appear at 780 °C closer to this temperature, 
resulting in a more accurate visualization. 

Figure 5. Spectra of hydrogen sulfide intensity vs time. Data was exported from the original 
spectra in TurboMass and imported to TIBCO Spotfire®.

Figure 6. Spectra of sulfur dioxide intensity vs time. Data was exported from the original 
spectra in TurboMass and imported to TIBCO Spotfire®.

Figure 7. Combination chart showing the interactivity of marking data across visualizations.

Figure 4. Spectra of carbon dioxide intensity vs time. Data was exported from the original 
spectra in TurboMass and imported to TIBCO Spotfire®.

7A 7B



For a complete listing of our global offices, visit www.perkinelmer.com/ContactUs

Copyright ©2014, PerkinElmer, Inc. All rights reserved. PerkinElmer® is a registered trademark of PerkinElmer, Inc. All other trademarks are the property of their respective owners.
 
011970_01 PKI

PerkinElmer, Inc. 
940 Winter Street 
Waltham, MA 02451 USA 
P: (800) 762-4000 or 
(+1) 203-925-4602
www.perkinelmer.com

References

1.  K. Menard, R. Spragg, G. Johnson, C. Sellman, "Hyphenation: 
The Next Step in Thermal Analysis," American Laboratory,  
01 Jan 2010; Web, 11 Jun 2014.

2.  Editors of Encyclopedia Britannica, “Azulejo”, Encyclopedia 
Britannica, 10 Oct 2013; Web, 18 Sept 2014.

3.  Thode, H.G., “Chapter 1 Sulphur Isotopes in Nature and  
the Environment: An Overview," Stable Isotopes in the 
Assessment of Natural and Anthropogenic Sulphur in  
the Environment, Ed. H.R. Krouse and V.A. Grinenko,  
John Wiley & Sons Ltd, 1991: 1-26, Web, 17 Sept 2014.


