
Modification of a Varian Saturn 
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Rudimentary gas dynamic calculations were performed that suggest nanoparticles may be trapped in real time electrodynamically under the right expansion conditions.  These calculations provided enough information to warrant building of a prototype instrument.  We decided to use a Varian Saturn 2000 and modify it for our purpose by adding a differentially pumped inlet with an adjustable nozzle skimmer distance, pressure adjustable expansion stages, a rotatable electron gun for on the fly charging of the particles, a set of einsel lenses for focusing, and enhanced electrical insulation on the endcap electrodes so that they can support an audio frequency potential of ~1000 VAC.  The modifications are in blue.  The circuitry was also modified to permit biasing the entire trap.




Interface Electronics
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The interface electronics evolved around a high voltage pulser, reed relays, a voltage divider and power MOSFETs for fast high voltage switching.  These electronics permit normal operation of the ion trap for small molecular ion detection (15-650 Da Range)




Maiden Voyage

• P1= 270 mTorr
• P2=1 mTorr
• Ptrap=1mtorr He
• DC= 0-400 volts
• AC= 800 volts
• ω=16,000 Hz
• τ=500 ms
• τLaser=1 ms
• 12-14 nm particles,

80 cm-3
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This page shows the parameters and waveforms used to try out out nanoparticle mass spec for the first time.  We used a differential mobility analyzer to pick out 12-14 nm particles from diluted diesel engine exhaust.  We chose this size because it is the biggest size particle that can be stopped with our DC bias on the trap assuming the particles are traveling at sonic velocities.  Particles that enter the trap with a low enough kinetic energy are trapped electrodynamically.  Collisions with a buffer gas induce loss of kinetic energy that causes the particles to settle into the center of the ion trap.  After a fixed amount of collection time the audio trapping field is dropped and a focused excimer laser is fired to ablate and ionize the particle.  The nascent ions are then analyzed with standard ion trap techniques.  We started with a DC trap bias of 400 V and reduce the voltage until a change was observed in the average mass spectrum.  The particle density was 80 (12-14 nm) particles per cm3.




Average of 110 individual background 
gas spectra from diesel exhaust
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Average of 110 individual 12-14 nm particles
plus gas phase background from diesel exhaust
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Background subtracted 12-14 nm particle data
From Deisel Engine Exhaust
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Comparison of 12-14 nm Particle and
Gas Phase Spectra from Diesel Exhaust
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We saw no difference with the trapping voltages on or off at the 400 V DC potential, so we continuously lowered the DC potential in 100 V decrements.  At 0 V DC we saw a factor of 2 increase in the average signal intensity with a corresponding increase in the high mass range.  Whenever, you impose an extra field on an ion trap the tendency is to lose ions as opposed to gain them.  For example, if the laser is fire while the audio frequency is applied to the endcap electrodes, no ion signal is observed.  Here, we see a net gain in the ion intensity due to our particle trapping field because particles are being electrodynamically trapped in real time and subsequently abated and ionized.  When we subtract the background from the averaged particle spectrum a positive spectrum results that we conclude to result from the trapped particles.




Comparison of Diesel Exhaust and Low 
Temperature Acetylene Pyrolysis

700 C Pyrolysis of Acetylene
1 µm particles
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Background subtracted 12-nm particle data
From Deisel Engine Exhaust
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To help demonstrate the validity of the data, we compare the averaged 12-14 nm diesel particle spectrum to the averaged particle mass spectrum from pyrolysis of pure acetylene at 700 °C in a flow tube reactor.  Because PAHs are believed to be pyrolytically synthesized by stepwise addition of small 2 and 3 carbon containing species, this comparison suggests that the diesel particles arise from low temperature pyrolysis of unburned fuel occurring in the exhaust.





Particle Hit Analysis
• One sixth of the spectra showed a high mass 

intensity increase.
• One particle was captured every 3 seconds of 

sampling.
• One particle out of 1100 sampled through the nozzle 

was captured.  We can do much better than this.
• The spectra which don’t show an increase in high 

mass intensity look like the background spectra. 
• See no particle spectra when the DC voltage is 

turned on, only background spectra.
• Background subtracted spectrum is consistent with 

low temperature pyrolysis of fuel species.
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We were amazed at the sampling statistics in the current configuration.  These are comparable to microparticle instruments.  We are sure we can do better by using multipole ion guides to funnel the particles through stages of differential pumping.



The Possibilities
• Particles below ~20 nm can easily be electrodynamically 

trapped.  The upper particle size limit depends on the 
ability of the sampling system to reduce the translation 
energy of the particle below the trapping potential well 
depth.  Even micron-sized particle can conceivably be 
trapped in real time with a well designed delivery 
system.  The details of the particle sampling system are 
currently being worked out.

• 10 nm particles and greater yield enough signal to be 
analyzed individually.  Particles in the 0-10 nm range 
can be analyzed by the same methodologies currently 
applied to biomolecules in ion trap mass spectrometry.  
This will yield very accurate size and compositional 
information when development is complete.
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There are many possibilities for this type of particle analysis. There is no reason that any ion trap operation currently used in the mass spectrometry of small molecular ions can not be applied to particles.  After the details of the delivery system and the digitally based electronics have been worked out, ion traps will most likely take on a major role for particle analysis.
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