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Principal Investigator 
Christie G. Enke  
Dr. Enke is Professor Emeritus of Chemistry at Michigan State University and the University of 
New Mexico. He received his B.A. degree from Principia College in 1955 and his Ph.D. from the 
University of Illinois in 1959. Dr. Enke’s thesis, concerning the formation of surface oxide films on 
platinum electrodes, was done with Herbert Laitinen. While at Illinois, he also worked with 
Howard Malmstadt on the introduction of a graduate lab/lecture course in the electronics of 
laboratory instrumentation. Prior to his move to the University of New Mexico in 1994, he was 
Instructor and Assistant Professor at Princeton and then Associate Professor, Professor, and 
Professor Emeritus at Michigan State University.  Throughout his career, he has remained active 

in both fundamental research and the development of new teaching materials and methods. Dr. Enke’s research 
interests have included electroanalytical chemistry, electrolytic conductance, computer-based instrumentation, array 
detector spectroscopy, and mass spectrometry. Sixty-nine students have received their Ph.D.’s under his direction. With 
them, he has published over 125 papers, 14 book chapters, and obtained 8 patents; these works have now been cited 
over 2700 times. He is co-inventor of the triple quadrupole mass spectrometer (along with Rick Yost). Current research 
interests include development of a 3-D instrument for simultaneous recording of MS/MS spectra, a new kind of mass 
spectrometer called “distance-of-flight,” the fundamentals of electrospray ionization, and developments in the teaching 
of analytical chemistry. 
 

Background 
Mass spectrometers continue to be an important tool for highly accurate analytics solutions.  According to SDi Market 
Forecast, today’s global market of mass spectrometry is nearly $3.3 billion and is used for several applications including 
security monitoring, petroleum refining, cancer research and pharmaceutical development.   The largest market segment 
for this technology is the life sciences industry, but there is demand from other large markets including environmental 
testing, semiconductor and electronics industries and geological testing along with numerous other applications.  
 

Mass spectrometers measure the mass-to-charge ratio (m/z) of ions and are most generally used to find the composition 
of a physical sample. While there are several types of mass spectrometers, time-of-flight (TOF) is the method of choice 
for many applications. The advantages of TOF mass spectrometers include the ability to produce full spectra for each ion 
packet and to do so at a very high rate of spectral generation. However, because the flight times in TOF mass 
spectrometry are very short (on the order 
of 100us or less) the electronics for 
recording ion arrival times and the ion 
abundance at each time can be expensive 
and can also be the limiting factor in 
dynamic range and maximum ion 
detection rate.  UNM researchers have 
developed technologies, described below, 
to overcome these limiting factors.  
 
Distance-of-flight (DOF) is another possible approach to mass spectrometry in which the resolution among the various 
ion masses is accomplished in space rather than time. DOF mass spectrometry retains the advantages of TOF mass 
spectrometry mentioned above but substitutes an array of non-time-dependent detectors for the single high-speed 
detection system used in TOF. Array detectors have the advantage of allowing signal accumulation within each element 
over many ion packet releases for improved dynamic range and signal-to-noise ratio. They also avoid the need for high-
speed electronics as the m/z assignment is made by the element at which the ion is detected, not the time of its  



 
detection.  Distance-of-flight mass spectrometry (DOF-MS) has been demonstrated in a proof-of-principle instrument (J 
Am Soc Mass Spectrom. 2011 Jan;22(1):110-7. Epub 2011 Jan 20). This article has already attracted considerable 
attention.It has many potential advantages in a variety of applications and the right entrepreneur or investor could bring 
this next generation mass spectrometer to market.   In addition to the DOF-MS, the following technologies anticipate the 
needs of scientists which make these a competitive bundle of intellectual property. 
 

Technical Overview of Intellectual Property 
First Ever Distance of Flight Spectrometer for MS and Simultaneous Scanless MS/MS (STC Ref. Number 2003-034) 
Issued Patents 7,041,968 and 7,429,728 
This technology utilizes a distance of flight (DOF) approach to mass 
spectrometry in which the resolution among the various ion masses is 
accomplished in space rather than time. A separate detector is associated 
with each ion mass resolution element. We call this DOF-MS and its potential 
advantages are listed below. In addition, the DOF concept can also be 
employed in a tandem arrangement for MS/MS which has the capability to 
produce a full two-dimensional MS/MS (precursor/product) spectrum for 
each bunch of ions extracted from the source. Ions of all sample masses are 
fragmented after leaving the ion source. A "distance-of-flight" (DOF) mass 
analyzer disperses ions according to their precursor mass and a following time-of-flight (TOF) mass analyzer determines 
the product mass for each precursor mass. All the precursor ions can undergo a mass changing reaction simultaneously, 
while still retaining the essential information about the particular precursor m/z value from which each product ion m/z 
value emanated. Through the use of a two-dimensional detector, all the products ions from all the precursors can be 
detected for each batch of ions analyzed.   There are many potential advantages of DOF-MS for normal MS: 

 Simple in construction  

 Avoids the need for high-speed electronics in the detection system 

 Detectors could be integrating devices for the accumulation of the results of many ions extractions from the 
source or instantaneous detectors for the continuous plotting the intensity of each m/z value vs. time 

 Could be very compact 

 For targeted analyses, only a few detectors, located at the distances for the m/z values of interest could be 
employed, further simplifying the instrument 

 Detectors could be Faraday cup detectors as required for exact quantification and isotope ratio analysis 

 Using Faraday cup detectors enables truly unlimited upper m/z range. 

 Array detection enables a huge increase in detector dynamic range for better detection of lower level 
components in a mixture.  

 Potential to successfully compete with TOF instruments for many MS applications including elemental, GC/MS, 
isotope ratio, electrospray, and MALDI mass analysis. 

 Physical collection of the separated m/z values is practical.  
 

DOF-TOF MS/MS offers currently unrealizable data information throughput: 

 Revolutionizes MS/MS mass spectrometry in areas of application where full 2-d spectra must be taken in order 
to obtain the desired information 

 Simultaneous creation of the complete MS/MS spectrum reduces the time and sample required to obtain the 
full 2-dimensional information. 

 Having the full 2-dimensional information provides the information from all three MS/MS scan modes (product 
spectrum of all precursors, precursor spectra of all products, and neutral losses of all m/z values.  

 Examples of such applications would be in  
o Searching for biological modifications related or disease or drug metabolism 
o Looking for the difference in the chemical composition between two environments such as a health 

body and one that is not.  
o Drug screening for biological activity where the specific nature of that activity is not known 

  



 
Energy Focus for Distance-of-Flight Mass Spectrometry with Constant Momentum Acceleration and an Ion Mirror (STC 
Reference number 2007-031) 
Issued Patent 7,947,950 
This technology provides a method for achieving ion focus in a DOF mass analyzer. First-order energy focusing, including 
ion turn-around, is shown to be accomplished by the use of an ion mirror in conjunction with constant momentum 
acceleration of the initial ion packet. The initial spatial dispersion is maintained throughout the flight path. With zero 
initial spatial ion spread, energy focusing to achieve resolutions in the 10s of thousands is shown to be feasible with ions 
from the elemental through the extremely high m/z range. Even with moderate spatial spread taken into account, the 
DOF-MS approach is shown to achieve resolutions competitive with quadrupole and ion trap mass analyzers. 
 
Ion Focusing and Detection in a Miniature Linear Ion Trap for Mass Spectrometry (STC Reference number 2006-092) 
Issued Patent 7,960,692 
This technology provides a miniature linear ion trap (MLIT) capable of axial focusing. It utilizes both AC and DC voltages, 
and both gas and ions can be introduced through the tube lenses allowing low Kinetic Energy (KE) transfer into and out 
of the MLIT. It is capable of low KE energy batch extraction as well as high KE extraction. The versatility of this invention 
includes non-destructive mass analysis which enables multiple analysis capabilities from a single sample source. The 
MLIT can be used as a standalone mass spectrometer or as a practical focusing device prior to another mass analyzer 
(ion trap, FTICR, TOF etc.). A prototype has been developed and tested. 
 
Enhancement of Concentration Range of Chromatographically Detectable Components with Array Detector Mass 
Spectrometry (STC Reference number 2010-098) 
Issued Patent 8,378,296 
A novel instrument has been developed that can enhance the concentration range and number of chromatographically 
detectable components by means of array detector mass spectrometry. The novel element in the invention is the use of 
an array detector in which each element of the array has a dynamically adjustable gain in a mass spectrometer suitable 
for array detection and then to use this system for chromatographic detection. 
 

Advantages of UNM Mass Spectrometry technology: 

Chief among the advantages of DOF-MS is that it enables the use of an array detector or a series of m/z-dependent 

individual detectors. This could enhance applications in elemental analysis, isotope ratio mass spectrometry, and 

electrospray ionization MS. In addition, DOF is a new and competitive form of mass analyzer that has broad applications 

wherever the advantages of array detection (higher S/N, higher throughput, simpler electronics, and unlimited mass 

range) are of value.   Additionally the technologies above allow for improvements in resolving power, optional detection 

without pulsed ion ejection, can provide standalone mass spectrometry, compatibility with existing technology, 

multiplex testing of a single sample through non-destructive mass analysis, and controllability.  

                             
 
 
 
 



 
Market 
The mass spectrometry market segmentations include matrix-assisted laser desorption/ionization time-of-flight (MALDI-
TOF), ion trap, single quadruple, triple quadruple, and high resolution mass spectrometry markets.  There is a potential 
of a new market segment to be created by Dr. Enke’s Distance-of-flight mass spectrometry.   According to Frost & 
Sullivan, the market is seeking instruments with higher throughput, reliability and ease-of-use, as well as more compact 
equipment and lower purchase costs. There are many applications that are driving this market:   
 

 Biotechnology: the analysis of proteins, peptides, oligonucleotides  

 Pharmaceutical: drug discovery, combinatorial chemistry, pharmacokinetics, drug metabolism  

 Clinical: neonatal screening, haemoglobin analysis, drug testing, analysis of confiscated black market drugs  

 Environmental: PAHs, PCBs, water quality, food analysis, food contamination  

 Geological: oil composition, characterization of iron, steel, alloys, refractory metals, and ores, determining 
constituents in a pesticide formula or nitrogen levels in fertilizer and soil compounds 

 Security 

 Space exploration 

 Atom probe microscope used in material science takes advantage of TOF mass spectrometry 

 Traditional mass spectrometry: isotope dating, tracking in the geosciences and trace gas analysis for helium-
based leak detection.  

 Bio-informatics and protein biochip technologies could be coupled with mass spectrometry 
 
 
Business Opportunity 
STC.UNM is seeking an experienced entrepreneur or commercial partner to license and commercialize the technologies. 
For more information or for licensing opportunities, please contact Erin Beaumont at (505) 272-7912 or 
ebeaumont@stc.unm.edu.  
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