
Results and Discussion  
Utilizing  the above-described method, mass spectra of a wide  variety  of foods, chemicals and 
pharmaceutical products  were analyzed for  chemical content. The use of between 1% to 10% 
chemical in metal powder  was observed to stabilize the powder  for  desorption  analysis and 
improve  the quantitative  analysis capability  of the method. Using pharmaceuticals we document 
an improved  capability  for  detection of various ingredients  down  to 0.1%. Analysis  of these data 
supports the following : automation  of DART-based ionization  method has enabled quantitative  
analysis capability ; dispersion of crystalline -form  chemicals and foodstuffs  in metal shows utility  
for  rapid  screening; utilizing  magnetic fields allows manipulation  of sample position  and control  
of sample quality ; proof  of concept for  in-situ permethylation  as a means to stabilize thermally  
unstable molecules such as carbohydrates and ginsenosides.  
 

Optimization of conditions for the rapid analysis of the proverbial "White 

Powders" using metal substrates and ambient pressure desorption ionization  

Introduction  
Reproducible analysis of the chemical content of powders  by direct  analysis in real time (DART) 
is facilitated  using metal substrates to disperse and then position  those powders . The use this 
method to complete rapid  analysis of chemicals in powder  form  provides  three major benefits; 
reduced consumption  of sample, more reliable retention of the easily displaced material  in the 
desorption  ionization  region and reduction  in sample handling . Since our initial  efforts last year 
involving  the use of magnets and metals to move samples we have developed better optimized  
conditions  for  analysis to generate reproducible  results. Analysis  of a variety  of pharmaceuticals, 
foods, spices, and herbal remedies are presented:  

Sample Preparation and Experimental  
A range of metal-to-chemical powder  mixtures  were analyzed by placing aliquots onto glass 
slides to which  small magnets has been affixed  on the underside. The quick  and accurate 
measurement of powders  was completed using a DisPo Powder Pipettor  (BioDot, Irvine,  CA). 
The magnets were designed to hold  the metal powder,  coated with  chemical analyte, in place. 
The optimum  weight/weight  ratio  of metal to chemical powder  was determined  for  a number of 
samples. Mass spectra were examined for  the presence of metal related ions. Different  sample 
delivery  mechanisms were compared, including  on-axis and off -axis sampling,  and utilizing  
magnetic pins and glass slides.  

 

Analyte  is mixed with  Iron  Oxide Powder and introduced  
to the ionization  region on a glass slide with  magnets 
underneath.  

Concentration  Axis  Sampling  
Speed 

Temperature  

1-5% w/w  Off -Axis  
Sampling 

.5-1.0 mm/s 50-100C< DART 
desorption Temp for 
solids 

Table of Optimal Conditions 
ÅGlass vials were pre-prepared with 

500mg of magnetite (Fe3O4, VWR, 
West Chester, PA).  

ÅUsing the DisPo, a specific, measured 
amount of analyte powder (shown 
left, crushed Bayer Aspirin) was 
deposited into the vial of magnetite.   

ÅThe solution was mixed for 30 seconds 
using a Vortex Genie Mixer (Scientific 
Industries, Bohemia, NY)  

ÅA small amount of the mixture was 
applied to a glass slide with a magnet 
glued to the bottom.   

ÅThe glass slide was then introduced 
into the DART ionization region using 
a motorized linear rail.   

ÅSamples were analyzed using a 
Thermo-Finnigan LCQ (Thermo 
Fisher, Waltham, MA) and a DART 
SVP source and Gas-Ion Separator 
(IonSense, Saugus, MA).   
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10% Crushed Tylenol in Magnetite w/w  

1% Crushed  Tylenol in Magnetite w/w  

1% vs. 10% concentration of powder  
 

The concentration of analyte powder  had a significant  
effect on peak shape in the chromatogram, as well  as the 
ionization  of the analyte.  In the mass spectrum for  the 
10% mixture,  the incidence of the oxidation  peak [M+O] +  
was almost twice as large as for  the 1% mixture .  Larger 
concentrations also formed  Ɂ6ɂ-shaped peaks in the 
chromatogram.  Furthermore,  much larger concentrations 
(>10%, increased the likelihood  of dimerization  of the 
sample).   

Figure (Right): This method allows for  the 
reproducible,  rapid  thermal  profiling  of  food 
powders  such as mustard .  The spectra shown are 
from  three consecutive peaks and show the 
unique triglyceride  pattern of mustard  powder .   

Mustard Powder Showing 
Triglycerides Region 

McCormick -Brand 
Thyme Leaves  

 MS/MS Spectra  
Figure (Left): This method also allows for  easy MS/MS 
analysis of analyte patterns.  Pictured is the positive -ion 
spectrum for  McCormick -brand Thyme, along with  the 
ms/ms and ms/ms/ms of the base peaks.   

Ground Nutmeg 
Powder 

Positive Ion Spectrum 

Negative-Ion Spectrum 

Figure (Right): DART-MS analysis of powders 
allows for  rapid  identification  of both postiive - 
and negative-ion spectra.   

Crushed Mucinex -brand 
Guaifenesin Tablet 
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Figure (Left): A sample of Mucinex -brand Guaifenesin 
clearly shows the protonated  molecular ion in positive -
ion mode.   
 
The analysis of pharmaceuticals in powder  form  requires 
less desorption  heat than analyzing  the surface of the 
tablet, there are no excipients to remove, and the 
instances of dimers are lessened.   
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Tip Size  ���X�1�\�� 

500ug-

2MG  

1MG -

5MG  

5MG -

10MG 

15MG-

100MG 

Average 0.093 0.017 0.092 0.212 0.563 

Standard 

Deviation  0.002 0.002 0.003 0.002 0.016 

%CV 2.037 8.912 2.960 0.955 2.865 

The BioDot DisPo enables the 
rapid,  accurate dispersing of 
powdered  substances.  To the 
right  is a chart characterizing 
the reliability  and accuracy of 
the DisPo over 20 
measurements for  each 
removable tip  size.  As these 
results show, the DisPo can be 
relied on to measure powders 
for  any application .   

Advantages of Powder Sampling  
ÅNo requirement for sample solubility investigation  
ÅLimits dimer formation  
ÅReduces oxidation of sample related molecules 
ÅLower desorption temperature than used for direct analysis of 

solids  
ÅAmenable to automation  
ÅLimits loose powder to avoid contamination of instrument  
 


