
p0 [mV] p0 [mbar] p1 [mV] p1 [mbar] !p [mbar] volume flow [mV] volume flow [V] volume flow [l/min] current [pA] volume flow turb. theor. [l/min] volume flow laminar. theor. [l/min]

7562 953.6331 8455 7.5816 946.0515 2142 2.142 1.36729450894329 15 1.36422676909819 2.87447067596002

7562 953.6331 9501 8.523 945.1101 2144 2.144 1.36864732431526 14 1.36421377222075 2.87442275264673

7561 953.5067 10521 9.441 944.0657 2144 2.144 1.36864732431526 13 1.36417378201571 2.87398956470277

7561 953.5067 11447 10.2744 943.2323 2144 2.144 1.36864732431526 12.5 1.36415969277783 2.87393762022833

7561 953.5067 12262 11.0079 942.4988 2144 2.144 1.36864732431526 12 1.36414630679167 2.87388826888862

7561 953.5067 13453 12.0798 941.4269 2144 2.144 1.36864732431526 11.5 1.36412508555123 2.87381003134455 Daten

7561 953.5067 127 13.8491 939.6576 2142 2.142 1.36729450894329 10 1.36408574607032 2.87366499867598

7561 953.5067 232 27.1211 926.3856 2145 2.145 1.36932373200124 6.5 1.3636194004618 2.87194596365392 d [cm] 0.0605

7561 953.5067 288 34.1995 919.3072 2145 2.145 1.36932373200124 7.2 1.36324705583077 2.87057374991192 L [cm] 18

7547 951.7371 353 42.4155 909.3216 2145 2.145 1.36932373200124 7.7 1.36233961733097 2.86323884744104

7547 951.7371 496 60.4907 891.2464 2145 2.145 1.36932373200124 7.5 1.36073713570191 2.85734754022702 RohrströmungRohrströmung

7547 951.7371 1002 124.4491 827.288 2145 2.145 1.36932373200124 7.4 1.3505132907106 2.81988346713214 laminar turbulent

7539 950.7259 1478 184.6155 766.1104 2143 2.143 1.36797091662927 7 1.33405603807758 2.75782385573348

7539 950.7259 2009 251.7339 698.992 2138 2.138 1.36458887819936 6.3 1.3081996780564 2.66496471308051 L, d [cm]; p [mbar]L, d [cm]; p [mbar] L, d [cm]; p [mbar]

7542 951.1051 2598 326.1835 624.9216 2114 2.114 1.3483550937358 6.1 1.26965211020797 2.52982266029504

7542 951.1051 3002 377.2491 573.856 2083 2.083 1.32738645547036 6 1.23668032650145 2.4159743899839

7550 952.1163 3549 446.3899 505.7264 2022 2.022 1.28612558662546 5.5 1.18359604634551 2.2392059418368

7550 952.1163 4027 506.8091 445.3072 1950 1.95 1.23742423323476 5.3 1.12752218310374 2.0568698822708

7565 954.0123 4477 563.6891 390.3232 1858 1.858 1.17519472612442 5.1 1.06747340244178 1.87180560328737

7580 955.9083 5050 636.1163 319.792 1717 1.717 1.07982124240096 4.8 0.97700911424576 1.60548093789192

7580 955.9083 5525 696.1563 259.752 1584 1.584 0.989859020165362 4.5 0.886095737193417 1.35323652017205

7622 961.2171 5893 742.6715 218.5456 1375 1.375 0.848489813795133 3.5 0.812594485828642 1.16779279898057

7633 962.6075 6225 784.6363 177.9712 1124 1.124 0.678711484613663 0.16 0.732006055482233 0.97377363646102

7668 967.0315 7002 882.8491 84.1824 707 0.707 0.396649479559189 0.2 0.49079648623828 0.485431994222616

7712 972.5931 7712 972.5931 0 0 0 0 -0.1 0 0
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 Results

 Conclusions
Atmospheric Pressure Ionization Mass 
Spectrometry (API-MS) has seen a dramatic 
performance and application increase over 
the past decade. 

The overall ion transfer performance from the 
ion source throughthrough ion transfer stages 
into the mass analyzer generally suffers from 
severe losses of ion intensity. If the sites of ion 
losses are identified, basic optimization of 
instrument performance would be possible.

Several MS manufacutures have chosen 
capillaries to reduce the pressure from 
atmospheric pressure (AP) to the millibar 
regime in the first pumping stage of the 
instrument. Furthermore the charged particles 
have to pass the capillaries to enter the mass 
analyzer. 

Little is known about the impact on ion 
transfer efficiency of such capillaries. The 
transmission of ions may vary by orders of 
magnitude, depending on various 
parameters and thus may heavily affect the 
overall performance of an instrument. 

We present detailed investigations of the 
properties of transfer capillaries, such as: 
• Fluid dynamic conditions in the capillaries

• Ion transfer efficiency 

• Transfer times of individual ion packages

Transfer capillaries: 
•Capillary types: 
•Home build glass capillaries, 
•Home build conductive capillaries 

(<100Ω, ~1GΩ)
• Inner diameter 0.5 - 0.6 mm
•Length: 10 - 30 cm

Laser systems:
•ATL ATLEX 300 SI, KrF* Excimer Laser, 
λ =248 nm;
•Quadrupled Nd-YAG Laser, (Spectron SI-401)
λ=266 nm;
•Diode pumped quadrupled Nd-YAG Laser, (FQSS 266-50 

Crylas GmbH, Berlin, Germany)
λ = 266 nm;

Other Light sources:
•Custom build pulsed VUV Ar-discharge lamp (see also 
Poster TP610 for further details)
•Kr VUV discharge lamp

Analytes: 
•Pyrene, Anisole, Toluene, Nitricoxide
•Bulkgas: Synthetic Air, Nitrogen

Ion detection was performed by measuring the ion current 
with a Microam- / Electrometer (Keithley Instruments 610C)
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• Experimental setup 
allows detailed insight in 
the dynamical  transport 
properties 

• Fluid dynamic 
conditions are well 
modeled by theory

• Ion transfer times satisfy 
the predictions made by 
fluid dynamic theory

• Ion transfer through the 
capillaries is surprisingly 
high, maximum ion loss 
in the investigated 
transfer capillaries is well 
below one order of 
magnitude

• An electrical gradient 
along the capillary does 
not affect transfer times 
and transmission 
efficiency 

• Ions are prepared in an AP ion source
• Ionization through direct Photoionization (PI) by VUV Light or Resonance Enhanced PI (REMPI) by 

UV Laser light
• The ion current through the capillary is detected by a Electrometer (sensitive ampere meter)
• Gas flow through the transfer capillary depends on pressure difference between ion source and 

vacuum recipient, pressure difference is monitored
• The gas flow through the system is monitored by a mass flow-meter

Photoionization Sites: 
The custom build laminar AP - Ion Source allows the generation of ions via photo excitation at 
different sites (see Figure 1): 

1.  Inside the transfer capillary with UV laser or VUV lamp
2.  In close proximity to the upstream inlet-cone to the capillary with UV laser or VUV lamp
3.  Axial, along the main axis of ion source with UV laser
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Fig. 2: Flow vs. Pressure in vacuum recipient Fig. 3: Pressure and flow velocity along the cap. Fig. 4: Temporal Ioncurrent,  ionization at position 1 in fig. 1

Ion Transfer Efficiency through Capillary

Gas Flow Dependence: 
• The transfer time of the ion packet 

corresponds directly to the flow velocity 
• The measured transfer times are 

consistent with the theoretical 
predictions

• If a critical pressure difference is reached (Mach = 1 at capillary end), the flow through 
the capillary becomes choked  (see area below 300 mbar in Fig. 2)

• The volume flow through the capillary becomes independent of the pressure difference 
in this state

• The fluid dynamic behavior of the flow is well described by theoretical models1,2,3,4

Selection of Ion Polarity

Fig. 5: Temporal Ion-current,  ionization at position 2 in fig. 1

Different Ionization Position:
• The transfer time of the ion packet 

corresponds directly to the position 
where ions were generated

• Polarity of detected ions is selected by the 
polarity of the acceleration voltage on the 
capillary exit

• The transfer times of anions and aations 
are virtually identical

• This suggests, that electrons generated by 
photoionization (                          ) as well as 
irradiation of metal surfaces are rapidly 
converted to negative Ions, eg. 

Fig. 6: Ion Currents with different acceleration voltages on capillary exit Fig. 7: Comparison between ion current with and without transfer capillary

• The experimental setup allows measurements 
with and without transfer capillary

• The ion current is generally not severely 
affected by the presence of the transfer 
capillary

• Transmission factors can reach values near 
0.5 (see Fig. 7 on the left), minimal observed 
transmission factors are well above 0.1

• Transmission factors are not affected by 
strong electrical gradient along the main 
capillary axis  (measured with conductive 
capillary, not shown here)

Physical & Theoretical Chemistry 
Wuppertal, Germany

2.3 API Methoden

Abbildung 2.1: Schematischer Überblick über einige Varianten der Photoionisation.
Die Pfeile stellen die absorbierte Photonenenergie dar, die Linien
symbolisieren Eigenzustände des Moleküls

kann, Voraussetzung ist aber immer eine Absorption des Lichts durch das Molekül,
welche nur stattfindet, wenn ein energetisch passender quantenmechanischer Über-
gang existiert. Der Absorptionsquerschnitt σ(λ), also der Wirkungsquerschnitt der
Absorption beim Durchgang von elektromagnetischer Strahlung der Wellenlänge λ
durch Materie, wird durch deren quantenmechanische Eigenschaften wie Zustands-
übergänge und zugehörige Auswahlregeln bestimmt. Eine genaue Betrachtung die-
ser quantenmechanischen Grundlagen würde den Rahmen dieser Einführung aller-
dings sprengen, daher sei an dieser Stelle auf die entsprechende Literatur verwiesen
[7][9][10].
Bei der direkten Photoionisation (PI) findet die Ionisation eines Moleküls M durch
Anregung mit einem einzelnen Photon genügender Energie statt:

M+hv −−→ M ++e− (2.6)

In diesem Fall muss hν also größer der ersten Ionisierungsenergie von M sein, wie
Abbildung 2.1 zeigt.
Erhöht man die Photonenflussdichte auf ausreichend große Werte, können mehrere
Photonen absorbiert werden um die Ionisationsschwelle zu erreichen. Existieren kei-
ne Eigenzustände des molekularen Systems bei den Energien der einzelnen Schrit-
te dieses Prozesses, verläuft er über sogenannte virtuelle Zustände, welche eine sehr
kurze Lebensdauer τ von unter 1fs (10−15s) haben [11]. Da während dieser kurzen Le-
bensdauer auch das jeweils nächste Photon mit dem Molekül wechselwirken muss,

11

M hν−→ M∗ hν′
−−→M+· + e− (0.1)

e− + O2 −−→ O−
2 (0.2)
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