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MONITORING SYNTHETIC REACTIONS USING AN 
INERT ATMOSTPHERIC SOLIDS ANALYSIS PROBE 
(iASAP)

In this application note, the inert atmospheric solid analysis probe 
(iASAP) and expression Compact Mass Spectrometer (CMS) was 
used to quickly sample and measure a synthetic reaction.

The research in this application note was presented at the 66th Annual Conference of the American Society 
of Mass Spectrometry (ASMS 2018).



INTRODUCTION

Metal based compounds have found utility in various fields such as clinical, energy, food safety and 
environmental to name a few. Creating the metal complex is the last step in a synthetic process, when ligands 
are bound to the metal center.  Once made, these metal complexes can be used anywhere from stereospecific 
synthesis to anti-cancer drugs. It is critical that reaction conditions are providing the desired product and that 
side products are kept to a minimum to maximize yield.  Presented here is the use of an inert atmospheric solid 
analysis (iASAP) probe to quickly sample and measure the reaction via mass spectrometry.

METHODS

SYNTHESIS
Modifying a published synthesis from Pfeiffer 
for a Molybdenum complex1, Molybdenum 
Hexacarbonyl [Mo(CO)6] and the ligand 
2,2’-bipyridine were added under nitrogen to 20 
mL of degassed anhydrous 1,4-Dioxane (degassed 
via 1 hour nitrogen purge) and dissolved completely 
Allyl Chloride was then added to flask. The reaction 
was heated to reflux for 5 hours.

INSTRUMENTATION
The expression CMS equipped with APCI source capable of iASAP introduction.

MEASUREMENTS 
Measurements using the iASAP were performed by first blanking the probe, allowing dry nitrogen gas to fill 
the sampling region. The sampling is then performed under nitrogen by pushing the probe into the bottle neck 
round-bottom flask. Once sampling is complete, the probe is sealed using a glass stopper and a Kreck clip 
to secure it. The probe is then transferred to the expression CMS for analysis, using negative atmospheric 
pressure chemical ionization.

Figure 1: Reaction of Molybdenum hexacarbonyl with allyl chloride and 
2,2-Bypridine and the expected Mo product.

Figure 2: Schematic of iASAP with sample inserted into APCI source of the 
CMS.
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Table 1. Negative APCI Source Conditions

Capillary Temperature 250 ºC

Capillary Voltage 120 V

Source Voltage 15 V

Source Voltage Span 0 V

Source Gas Temperature 300 ºC

APCI Corona Discharge 5 µA



RESULTS

MASS SPECTRA OF C15H13MOCL2N2O2

The purple solution was filtered to give bright red 
crystals, which were rinsed with hexane, dried and 
then measured (Figure 3). The resulting mass spectra 
shows a single Mo complex at m/z 386 with a 
signature isotope pattern. This pattern is in good 
agreement with the theoretical isotope distribution 
for the molecular formula, which can be seen in 
Figure 4. 

Figure 3: (A) Synthesis solution during reflux, (B) Red crystals recovered after 
filtering solution.

Figure 4: Negative APCI spectrum of the synthesized Molybdenum complex. The predominant Mo cluster at m/z 386 is at the correct mass for the expected product.

Figure 5: The theoretical isotopic distribution of the Mo monomeric complex versus the measured isotopic distribution.
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THE EFFECT OF AIR ON SYNTHESIS
During the synthesis, product crystals precipitate from the 1,4-Dioxane solvent, so direct product monitoring 
is difficult. However, other side products that indicate the product formation remains in solution and can be 
monitored. When the reaction is protected from air, lower mass Mo monomers such as Mo(C3H3)2 are formed 
in solution, reacting rapidly with allyl groups from allyl chloride. Very few peaks of higher mass are present. 
These monomers can be transformed to product. A representative mass spectrum obtained from a measurement 
can be see in Figure 6. 

When the reaction was exposed to air and measurements are taken during the reaction, monomeric Mo 
complexes are reduced and a lower mass dimeric Mo complex was formed. The isotopic pattern at m/z 306 
has the possible molecular formula Mo2C6H12O2, which would most likely be from moisture leaked in with the 
air. These dimers do no dissociate to monomeric Mo complexes, therefore the reaction cannot proceed to the 
desired product.

Figure 6: Sampling from the reaction under nitrogen.

Figure 7: Sampling from the reaction with air introduced.
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SUMMARY

Reactions that are air and moisture sensitive can be successfully monitored during the reaction cycle using the 
iASAP probe. Even without directly monitoring product formation, byproduct in the reaction can be used as an 
indicator of reaction progress.
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