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De�nition

Direct ionization - ionization of sample constituents in real time 
under ambient conditions with little to no sample pretreatment

Goal

Develop new direct ionization techniques for MS using high 
repetition rate tunable IR lasers

Methods

Background

 Laser Ionization 
Source Mass Spectrometer Sample 

Preparation 

IR LDI 

Opotek IR Opolette™ 
20 Hz 
2.7 to 3.1 µm 
5 ns 
200 µm laser spot size 
~ 500 µJ pulse energy 

Custom-built TOF 
Delayed extraction 
Linear/reflectron 

2- 5 µL aqueous 
analyte solution 
deposited on Si target 
and dried to thin film 
 

IR AP LDI 

Opotek IR Opolette 100™ 
100 Hz 
2.7 to 3.1 µm 
5 ns 
450 µm laser spot size 
~ 500 µJ pulse energy 
GeO fiber coupling 

Masstech AP/MALDI PDF 
Finnegan LCQ ion trap 
2 kV target voltage 

2 µL aqueous analyte 
solution deposited on 
stainless steel target 
 

IR LADESI 

Opotek IR Opolette™ 
20 Hz 
2.7 to 3.1 µm 
5 ns 
200 µm laser spot size 
~ 300 µJ pulse energy 

Hitachi M8000 ion trap 
ESI source 
3 kV spray voltage 
0.01 mL/hr flow rate 
1:1 H2O/MeOH; 1% acetic 
acid 
 

2 µL aqueous analyte 
solution deposited on 
stainless steel target 

 

Direct IR ionization of frozen ice and alcohol protein solutions [1,2]

Matrix-free IR LDI of bacteria, peptide and protein samples [3,4]

Direct IR ionization of peptides and proteins in gels [5-7]

IR LDI and MALDI of rat brain slices using oTOF MS [8,9]

AP IR MALDI of plant tissues [10]

Combination of IR lasers and electrospray for direct ionization [11,12]

Infrared Laser Desorption/Ionization (IR LDI)
• No matrix addition

• Front and back illumination geometries

• Femtomole senstivity

446 m/z 479 m/z 457 m/z

A
B

C D E

Mass spectrometry imaging (MSI). A) Post MSI 2x mag digital image of letters OPO written with three di�erent color markers. Scanned rows can be seen with circular 
laser irradiation spots. B) 50 x 26 pixel MSI scan, λ = 2.95 µm, 200 µm resolution, three m/z peaks selected, one from each color marker. C) Orange Marker mass spectrum. 
D) Blue marker mass spectrum. E) Purple marker mass spectrum. No low mass interference since no added matrix.

10 peptide mixture at λ = 2.95 µm. No matrix added. Acetaminophen (ACE) pill at λ = 3.00 µm. No low 
mass interference since no added matrix.

Angiotensin III (MW = 934) deposited on transparent 
grid using back illumination geometry at λ = 2.94 
µm. Better MSI through better focusing

Mass Spectrometry Imaging

Other Examples

Atmospheric Pressure Infrared Laser 
Desorption/Ionization (AP IR LDI)
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• Native sample environment

• No matrix addition

• Femtomole senstivity

d4 #36-51 RT: 1.71-2.43 AV: 16 SM: 11B NL: 1.63E4
T: + p Full ms [150.00-4000.00]
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chca1 #64-84 RT: 3.05-4.01 AV: 21 SM: 11B NL: 8.95E3
T: + p ms [150.00-4000.00]
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Angiotensin II (MW=1046 Da) and polyproline (MW=1533 Da) 
at λ = 2.975 µm.

N-substituted oligosachharide A2F (MW=2370 Da) at λ = 2.95 
µm.
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Dependence of polyproline peptide ion signal on wavelength. Signal maxima found at 
2.75 and 2.95 µm.

Wavelength Study
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Dependence of bradykinin peptide ion signal on wavelength. Signal maxima found at 2.77, 
2.85 and 2.94 µm.

Infrared Laser-assisted desorption electrospray 
ionization (IR LADESI)

Lens

IR Laser

Electrospray Mass Analyzer
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• Native sample environment

• No matrix

• High mass range

• Imaging with ESI

Bradykinin peptide (MW=1060 Da) at λ = 2.94 µm. Advil liquid gel cap at λ = 2.94 µm.

Wavelength Study


