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What is DART™?

• DART is a new non-contact surface sampling 
technique for mass spectrometry or ion mobility 
spectrometry at atmospheric pressure under 
ambient conditions.  

• Think of it as an “open-air direct probe” or “EZ-
Pass for mass spectrometry”

• DART can be used to analyze gases, liquid, solids 
and materials on surfaces.
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DART Status

• Developed by J. Laramee and R. Cody 
at JEOL USA, Inc. from 2001-2003.  
Patents filed.

• Announced and commercially available 
in 2005. 
– PittCon Editors’ Gold Award
– R&D 100 Award, 2005

• Licensed to IonSensetm Inc.
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No chromatography?
Often, if…
• Simple DART mass spectrum reduces 

background
• DART is sensitive to target and not to 

interferences
• We can rely on high resolution and/or 

MS/MS for specificity
• Different compounds don’t  desorb in 

the same instant. “Distillation”
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Let’s begin with a 
demonstration…

DART_demo.mov

Video download available on-line at:
http://www.jeolusa.com/ms/msprods/accutof_dart.html
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DART applications:

• Drugs (medicinal, herbal, illicit, counterfeit)

• Metabolites (see also WP046)

• Explosives
• Synthetic organics and organometallics
• Chemical Warfare Agents (CWA)
• Foods and beverages
• Pesticides
• Toxic industrial materials
• Packaging and polymers (volatiles, dyes 

plasticizers, and pyrolysis)
• Plus…GC/MS, LC/MS
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TOF Analyzer

• DART is interfaced to a JEOL 
AccuTOFtm time-of-flight mass 
spectrometer

• High resolution and exact mass 
measurements provide selectivity

• Exact masses and accurate isotopic 
abundances permit identification of 
unknowns

• Fast data acquisition for high 
throughput
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The Mass Spectrometer

With DART Ion Source

Configured for LC/MS
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DART Schematic

• Gas flows through 
DART

• Electrical discharge 
creates a plasma

• Lenses remove charged 
particles

• Grid prevents ion-ion 
recombination at exit, 
and other functions

• No exposed high 
voltages

• Operated at ambient 
pressure in open air
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Penning ionization
Sample ionized directly by energy 

transfer from metastables (M*)

Proton transfer
1. He* ionizes atmospheric water

2. Ionized water clusters transfer 
proton to sample

Electron capture
1.  Penning electrons rapidly 

thermalized

2. Oxygen captures electrons

3. O2
- ionizes sample

DART Source

DART Ionization

MS API
Interface

M*
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Contamination Resistance
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An inorganic explosive with no 
significant vapor pressure: Sodium 

Perchlorate

m/z 

20 40 60 80 100 120 140

ClO4
-

ClO3
-

Measured m/z (ClO4
- ): 98.9487

Calculated m/z: 98.9485
Difference: 0.0002
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Direct Detection of Drugs in Pill Form

100 150 200 250100 150 200 250

MH+

“Ecstasy” (MDMA)

Acetaminophen
MH+

150 200 250 300 350
Mass 

Oxycodone
MH+



August 8-11, 2005 Bristol, Rhode Island

Trace impurities:
0.2% simazine in atrazine

160 180 200 220 240 260 280

m/z 

Simazine
X100

Atrazine
X1

Propazine
X20

160 180 200 220 240 260 280

m/z 

160 180 200 220 240 260 280

m/z 

Simazine
X100

Atrazine
X1

Propazine
X20

Simazine
X100

Atrazine
X1

Propazine
X20

5 second analysis: all m/z differ by < 2mmu 
from calculated values
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Experiment

• Samples deposited on melting point tubes
• Pass tubes quickly through DART source
• Acquire 5-10 spectra per second
• Post-calibration with PEG 600 on filter paper

DART

1 2 3 4 5 6 7 8 9 10 11
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TIC for high-throughput trial

0 0.2 0.4 0.6 0.8 1.0 1.2
Time[min]

21 43 8

7

6
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10
9

PEG 60011

0.58 min

~3 seconds per compound
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Example mass spectra

100 200 300 400 500 600 700 800
m/z 

.

Doxepin
[M+H]+

100 200 300 400 500 600 700 800
m/z 

Reserpine
[M+H]+
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Automated isotope matching 

software

16 
compositions 
within 0.003 u

Correct 
composition 

has best match
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Elemental Compositions

122734.469069C37H68NO13Erythromycin

17195.088201C8H11N4O2Caffeine

130609.281208C33H41N2O9Reserpine

19363.21715C21H31O5Hydrocortisone

15280.170139C19H22NODoxepin

118319.103572C17H20N2SClChlorpromazine

116371.161565C21H27N2S2Thioridazine

15264.175224C19H22NNortrityplene

18325.191603C20H25N2O2Quinine

111285.142544C17H21N2SPromazine

118319.097035C20H15O4Phenolphthalein

Rank#CompsCalculated m/zCompositionCompound

All compositions correctly identified, r.m.s. error = 2.2 ppm

Limits: C 0/70 H 0/80 O 0/20 N 0/10 S 0/2 Cl 0/1  
Tolerance: 3mmu, even-electron ions
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Urine

Pyridoxinecarboxylic acid
Hypoxanthine

Ranitidine+Cl
Ranitidine

Ascorbic acid
Creatinine

Lactate
Pyruvate

Phenylacetyl glutamine

pGlu
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Computer Analysis of 
Spectrum
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Blood droplet: 
Amino Acids (Positive Ions)

40 60 80 100 120 140 160 180 200
m/z

Urea

80 100 120 140 160
m/z

Gly
Ala

Pro
Val

Thr

Ser
Phe

Leu/Ile
I/L

P
V

No sample prep, 
no cleanup, no 

derivatization, no 
MS/MS

Is this useful?  I don’t know…maybe?
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Drugs in Urine and Plasma

• Pipette a few microliters onto glass 
rod

• Swing into position
• See spectrum within seconds
• Remove, rinse, repeat

Flip
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DART: Promazine in Urine

y = 0.0397x - 0.2301
R2 = 0.9952
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Gamma Hydroxybutyrate (GHB) in Urine 

(Deuterated I.S.)

GHB in synthetic urine

R2 = 0.9847
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Thanks to Eshwar Jagerdeo and Roman  Karas, 
FBI Laboratory, Quantico VA
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Chromatography --
Yes!

No single technique will do everything.  
We still need separation techniques for:

• Separation of isomers
• Detection of trace analytes that might 

be overlooked or hidden by 
interferences

• “Needle-in-a-haystack” that needs lots 
of analytical power. 

• Retention time as confirming data
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Why LC/DART?

• Wide range of flow rates: few 
ul/min to ml/min.  Not restricted to 
high flows like APCI.

• Wider range of target compounds
• Simpler and more predictable 

spectra
• More resistant to contamination?
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Experimental  Approach to 
LC/DART-MS: 

Use the APCI Source 
(Corona needle OFF)

Liquid In

Heated 
Desolvation
Chamber

Nebulizing gas

DART Source

MSNo heat
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Very Low-flow 
Alternative

MSDART

Trickle liquid onto support

Or..”Frit-DART”?
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Prototype LC/DART

DART Prototype
Inserted into APCI Source
Geometry NOT optimized
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Manual Flow Injections

1.0 2.0
Time[min]

2.566
1.620

1.114

0.668 2.133

600 620 640 6
m/z 

609.28001

610.28326 641.27069

Reserpine
MH+

?

[M+H+O2]+

Real or artifact?

?
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C18 Column, Isocratic
(100% CH3CN)

2.0 4.0 6.0 Time (min.)

600 650
m/z  

641 .26831

600 650
m/z  

609.28119

[M+H+O2]+

Not an artifact MH+

[M+H+O]+
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10 pg/ul to 10,000 pg/ul

DART: Reserpine FIA
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Glucose, Flow injections
Solvent: H2O/MeOH/HOAc

100 200 300 400

m/z 

0

200

400

100 200 300 400
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?
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LC/DART of Opiates

100 150 200 250 300 350 400 450 500 550 600 650 700
m/ z 

[M+H]+

Intensity (11295)
3.918

6.800

Intensity (12771)

9.366

Intensity (4388)
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0 2 4 6 8 10 12 14
Time[min]

Intensity (4655) 10.082

Codeine
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Oxycodone

Hydromorphone

100 150 200 250 300 350 400 450 500 550 600 650 700
m/z 

[M+H]+

LC Conditions
Column: Synergy Hydro-RP 

(1.0 x 150 mm, 4 um)
Mobile phase:  

A = 0.1 % formic acid / 5 % AcN
B = acetonitrile / 5 % water

Gradient: 100% A to 20% B in 5 min, 
and then to 50%B in another 5 min, 
continued to 90% B in 2 min and 
held for 3 min.
Flow rate: 0.1 mL/min
Injection: 10 uL
Sample: Standard mixture with 
concentration of 1 ug/mL.



August 8-11, 2005 Bristol, Rhode Island

LC/DART Separation of LSD 
Metabolites and Isomers

2-oxo-3-hydroxy2-oxo-3-hydroxy
Nor-LSD

LSD

Iso-LSD

LAMPA
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Polar and Nonpolar

1840 1860 1880 1900 1920 1940
m/z 

140 160 180 200 220 240 260 280 300 320 340
m/z 

Val-Gramicidin A
MH+

Benzo[a]pyrene
M+.

9-Methyl anthracene
M+.

Also saw di-and triglycerides
In this spectrum
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Solvent for non-polar 
compounds

140 160 180 200 220 240 260 280 300 320 340 360 380
m/z 

[M+H]+

M+.

He DART
Flow injection of 75 ppm

triphenylene in Hexane/MeCl2

No triphenylene signal is observed 
if mobile phase is acetonitrile

Normal-phase chromatography 
should work
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Thank you!


