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Conclusions 
 

The system constructed for this project is an important improvement 
on TPD data collection procedures. Set up time has been greatly 
reduced, the system is far more user friendly, and data will be much 
more consistent as human operator error is removed. The data 
collected using this system verifies the behavior of CO and 
atmospheric air on the surface of Ni, all with automation. Important 
points reached are 
 
• Fig. 2 data, demonstrating the expected asymmetric peak and 

thus first order behavior of pure H2 desorption.  
 

• Individual mass and temperature collection, with temperature 
collection procedure uncertainty within ±1 mV. 
 

• Verified individual functionalities means condensing individual 
procedures is a feasible future task 

Methods 
 
Temperature Programmed Desorption 
Temperature  programmed  desorption was  used to inspect the surface of a 
Ni sample. The sample was placed in the introduction chamber instead of 
main chamber due to significantly greater ease of set up. A K-type 
thermocouple was used to monitor and record the temperature of the Ni 
sample. The vacuum chamber schematic is shown in fig. 1. To perform the 
TPD measurements the temperature of the sample was raised from room 
temperature up to ~800 ˚C using a lab rack current source at  to manually 
raise the temperature  at a constant rate of ~5 ˚C/second.  
 

 
Desorbed Masses Collection Program 
A control program was written to control and collect data for this setup 
using the programming environment Igor. The control program was able to 
replace the manual controls for the Dycor mass spectrometer and initialize 
data collection parameters, control the filament, and collect data. 

 
 
Temperature Collection Program 
A separate Igor program was able to monitor and record a temperature 
readout from the thermocouple. The thermocouple connected to the 
computer through an NI card with an RC low pass filter. 
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Abstract 
 

Temperature Programmed Desorption (TPD) provides insight into the 
interactions between molecules and the surfaces on which these molecules 
are adsorbed.  TPD is performed in an ultrahigh vacuum (UHV) environment, 
~ 10-10 Torr, as this is necessary to maintain a clean surface. Of interest for 
energy conversion and storage purposes are molecules such as 
hydroxylamine, which will be adsorbed on a single crystal sample, for 
simplification CO and atmospheric air are introduced instead. The sample 
was heated while a mass spectrometer monitored the desorbents as a 
function of temperature.  Much of the effort was initially directed at 
developing software to interconnect and control the mass spectrometer, 
temperature sensor and heating power. Then the system was used to 
determine the molecules present on a Ni sample with some atmospheric air 
contamination in the chamber and to verify the interactions of CO with a Ni 
surface. This system will used to study the binding energies of simple 
molecules to a surface and the desorption kinetics.  
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Continuing Work 
 
Future work would involve the combination of the temperature data 
and the desorbed masses data. Doing this would create a true TPD 
plot, pressure of mass (amount) vs. temperature (energy). This 
procedure would also be automated instead of manual. 
 
Also of interest would be creating a third Igor program consisting of a 
PID algorithm to control the lab rack current source. This would 
include feedback from the thermocouple wires and would further 
automate the data collection procedure. 
 

Fig 2: TPD data taken with Igor control program of H2 desorbing from a sample kept in 
the UHV chamber. Peaks manually created. First peak corresponds to initial test to 
ensure H2  was desorbing. First peak was low temperature, and thus lower desorption 
amount, than the second peak. Note asymmetry of peak corresponding to first order 
reaction. 

Peak 2 

Fig 1: Schematic of apparatus. Black outline represents confines of vacuum chamber at 
~10-10 Torr. Sample heated in vacuum with ~20 A current source, chamber monitored 
by residual gas analyzer which records amount of each molecule desorbs from the Ni 
sample. Thermocouple wires spot welded to Ni sample at thinnest, i.e. hottest, point. 

Apparatus 
 
The apparatus necessary for this experiment was an ultra high vacuum 
chamber (~10-10 Torr) with a residual gas analyzer connected to a mass 
spectrometer, and feedthroughs for the heating source and temperature 
probe. 
 
 
 
 

 
 
 
 
 
 

Results 
 
TPD data was taken from a pure H2 source in a UHV. The H2 was introduced 
to the chamber as a function of temperature. As temperature was  
increased more H2 was introduced, meaning peaks correspond to high temp. 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 


