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• Challenge:
Turbulent flow, always present in 
classical API sources

→ Numerical simulations and 
experimental Particle Image 
Velocimetry (PIV)data show 
complex fluid dynamics
s.a. Session WP28; Poster #606

→ Pronounced memory effects
→Many unstable, hardly 

controllable source para-
meters impacting on flow 
dynamics

→Adverse effects on reprodu-
cibility

→ Significant limitation of Dyna-
mical Ionization Volumes 
(DIAV) in Atmospheric Pressure 
Laser Ionization (API) 
s.a. Session WP28; Poster #610

• Alternative approach:
Laminar flow API sources 

→ Experiments demonstrate 
efficient ion transmission

→ Simulation show typical 
Hagen-Poiseuille flow

→ Flow is determined by the MS
→ Analyte gas phase flow is 

introduced in an angle of 10°
→ For APLI, laser beam is 

coaxially positioned
→ For APPI, radiation source is 

mounted perpendicularly on 
the tube 

→ For APCI, one or two needles, 
are positioned in sidearms at 
angles of 10° to the main axis

Investigation of ion transport efficiencies in laminar flow tubes  

Designs of Laminar Flow Ion Sources

Typical API source design
→ Nebulizer Gas: + 0.5 – 2.0 L/min 
→ Dry Gas: + 0.0 – 10.0 L/min
→ Transfer Capillary: - 0.8 – 1.5 L/min
→ Drain: setup dependent

Velocity distribution
→ Trajectories demonstrate the

complex flow characteristic. 
→ Most stream lines “slow down“ to 

less than 1 m/s.

Time integrated trajectories
→ Analyte dwell times of the order of

seconds
→ Feasible explanation for observed

memory effects

Neutral analyte distribution
→ Nearly Isotropic distribution in the

entire ion source
→ Feasible explanation for

elevated background signals

Experimental setup:
→ 40 cm quartz tube, directly mounted on the transfer

capillary
→ Scan of ionization positions with a 248 nm excimer laser

(beam collimated to 1.5 mm cross section)

Results:
→ 36 % of signal intensity remains after 40 cm of

transport
→ Investigations with metal tubes revealed

comparable behavior

Simulation Experiment 

Results:
→ Typical Hagen-Poiseuille flow profile upstream of the

capillary entrance region
→ Loss of ions occurs mainly by diffusion, as expected

Boundary conditions:
→ Gas flow of 1.4 L/min, determined by the MS
→ Tube i.d. of 9 mm, conically shaped end with 0.8 mm 

orifice

Compatible ionization methods:
APLI; DA-APLI
APPI; DA-APPI
APCI

Compatible analyte inlets:
Ambient gas phase samples
* GC (in progress)
* nano-flow LC (in progress)

Results so far:
 High sensitivity in APPI and APLI 

s.a. Session WP28; Poster# 608
 High sensitivity in APPI

s.a. Session TP27; Poster# 610
 effective DA-APLI and DA-APPI

• Benefits of Laminar Flow API 
sources:
→ Controllable flow

→ High ion transmission
efficiency into the MS

→ Signifcant increase of the
DIAV for APLI

→ Efficient irradiation of the
sample flow (APPI and APLI)

→ Efficient heating

→ Easy cleaning

→ Sidearm design allows for
multiple inlets (e.g., gas 
phase reagents) 

• Fully compatible:
Ionization
→ APLI, DA-APLI

→ APPI, DA-APPI

→ APCI

Analyte inlet
→ Gas phase sampling

→ GC (in progress)

→ LC (in progress)

MS Bruker esquire6000 

Radiation 
source

homebuilt argon spark dis-
charge lamps; Diode pumped 
solid state laser- DPSS- (CryLas); 
KrF* excimer laser (Optex)

Chemicals p-xylene, pyrene, anthracene

Gas phase
samples

Photoreactor for gas phase 
degradation studies

Simulations Ansys CFX-11
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