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Outline

Description of RILIS @ ISOLDE 
• Details of laser installation 
• Typical operating schedule 
• On call operation 

RILIS Developments during LA3NET 
• Technical improvements 
• Ionisation scheme developments 
• Ion Source R&D 

Future plans



Standard operation: Hot Cavity RILIS

High production rates; chemical dependence of release; >ms half lives

Main issues: 
Surface ionized contaminants 
Doppler broadened line-width

Laser requirements: 
>10 kHz rep rate 
(100 μs laser/atom  
temporal overlap)

• High efficiency 
• Cavity plasma potenital enhances 

ion survival

T ≈ 2100 ℃        High temperature  
target/transfer line/ion source assembly

Hot cavity  
surface ion source 

= 
laser interaction region 

High intensity driver beam

Thick target

36 RILIS elements are routinely available

EMIS article on RILIS status by S.Rothe et al.:  10.1016/j.nimb.2016.02.024
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Hot-cavity RILIS
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Established RILIS cavity options



ISOLDE RILIS setup - SimplifiedISOLDE-RILIS	Laser	Setup	(simplified)	
RILIS	Dye	Laser	System	

GPS/HRS	

Target	&	
	Ion	Source	

RILIS	Ti:Sa	Laser	System	

pA	–	meter	

Faraday	cup	

SHG/THG/FHG	

λ	–	meter	

Gra?ng	Ti:Sa		

λ	–	meter	Dye	2	 SHG	

Narrowband	Dye	

THG	Dye	1	

Ti:Sa	

Narrowband	Ti:Sa		

Photonics	1	

Edgewave	

10	kHz	
Master	clock	

Delay	
generator	

LabVIEW	based	DAQ	

Photonics	2	

Lumera	Blaze	

10	High	power	lasers	



ISOLDE RILIS setup - detailedRILIS	Laser	Setup	(reality)	 ISCOOL	

GPS	

GLM	
PISA	

HRS	

CRIS	

ISCOOL





Beam transport to ion source

76 7 Implementation of the Ti:Sa lasers to RILIS

Figure 7.4: The laser beams originate from the top right corner. The upper platform is cut in an angle
such that the upper mirrors can be positioned in line with the exiting laser beams to the
HRS on the lower level. This configuration ensures 90¶ angles and allows four laser beams
to be sent to the ion source.

Up to 4 laser beams to transport to the target (through bending magnet of mass 
separator) 

2 different targets located ~20m away through considerable concrete shielding 
Air flow / temperature changes 

No access to mass separator or target area 

Small laser interaction region (3mm) – tube diameter 
Timing issues – optical delay lines 
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Figure 7.4: The laser beams originate from the top right corner. The upper platform is cut in an angle
such that the upper mirrors can be positioned in line with the exiting laser beams to the
HRS on the lower level. This configuration ensures 90¶ angles and allows four laser beams
to be sent to the ion source.

Up to 4 laser beams to transport to the target (through bending magnet of mass 
separator) 

2 different targets located ~20m away through considerable concrete shielding 

Air flow / temperature changes 

No access to mass separator or target area 

Small laser interaction region (3mm) – tube diameter 

Timing issues – optical delay lines 
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RILIS operation until 2012

up to 3000 h annual RILIS 

2012: ~65% of all ISOLDE beams were RILIS ionized 

mix of on-shift and on-call modes



On-call operation in 2015

23	RILIS	runs	

116	opera.ng	days	

2550	hours		(not	including	setup	/me	of	>1000	person-hours)	

17	elements	

>	75	%	of	ISOLDE	Physics	

Ag,	Al,	Au,	Ba,	Be,	Ca,	Cd,	Cu,	Dy,		
Ga,	Hg,	In,	Mg,	Mn,	Po,	Tl,		Zn	



Planning for 2015 and 2016
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75% of ISOLDE physics

>85% of ISOLDE physics

2015

2016



On-call RILIS operation
3)	Automa*on	2)	Monitoring	1)	Machine	protec*on	

Shuts	down	RILIS	in	case	

of	cri*cal	failure	

Improves	performance	

reduces	interven*ons	

On-call	opera*on	(not	yet)	On-Call	RILIS	Opera*on	

->	Standard	RILIS	mode	of	opera2on	in	2015	

•  Requires	more	setup	*me	
•  Keeps	the	RILIS	operators	‘fresh’	

10.1016/j.nimb.2013.05.048	

RMPS	 REACT	
Achieve	high	MTBUC	

(mean-*me	before	User	calls)	EDMS:	1541808/1	
CERN-THESIS-2015-206	

Inputs

Signal	
Processing	
Electronics

Outputs

High	Power
Driver	
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4)	Informa*on	

permanently	acquire	

key	RILIS	parameters	

RILIS	Status	viewer	on	the	web	

cern.ch/riliselements/lasers	

Communicate	with	the	

USERS	!	

RILIS	status	on	the	VISTARS	

ELOG	

RILIS	OP	

Phone	



RILIS Status Viewer
http://riliselements.web.cern.ch/riliselements/lasers/

RILIS information for ISOLDE users:  On-line

Logbooks: GPS, HRS, RILIS



In-Source Resonance Ionisation SpectroscopyIn-source	Laser	Spectroscopy	

doi:10.1016/j.nimb.2013.08.058	

Improved	scanning	so6ware	&	DAQ	

Fully	remote	RILIS	opera?on	from	Bat.	508	

M.Sc.	Thesis	of	R.E.	Rossel	
NB:Tisa	 CERN-OPEN-2015-005	

CERN-THESIS-2015-206	

IS-598	 IS-534	

Gold	run	(May	’15)	
•  Stabilized	power	
•  Stabilized	synchroniza?on					
	

Mercury	run	(April	‘15)	
•  First	ISOLDE	physics	using	the	

VADLIS	
Hg	

Au	
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Accessible elements

1+, 2+

New Schemes tested  at ISOLDE in 2014/15

New in 2016: Eu, Te efficiency, alternative Bi scheme, Fe, Ra.

www.cern.ch/riliselements

http://www.cern.ch/riliselements


Ioniza'on	scheme	development	for	Ba,	Ba2+,	Li,	Cr,	Ge	and	Hg	

PhD	work:	
Tom	Day		
Goodacre	



New beams: Tellurium (Te)

> 18 % 
Efficiency

On-line yields not yet measured



New beams: Europium (Eu)

Still to do: 
Compare ‘best’ scheme options 

Measure saturation and efficiency 
On-line yields

13 convenient 
 2-step schemes suggested

High precision measurement of  I.P

MSc project : Katerina Chrysalidis 



New beams: Iron (Fe) & Chromium (Cr)

3-step scheme found 
 Saturation of resonant transitions 

 

321 nm

372 nm

532 nm

Fe

18% 
ISOLDE HRS logbook 19/4/2016 

Cr (first on-line run) 
 

Te (efficiency verification) 
 

ISOLDE HRS logbook 18/4/2016 
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AIS??

Still to do: 
Search for AIS 

Efficiency measurement  
On-line yields
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First on-line Cr run



Low IP elements: 
Source of isobaric contamination, and not viable RILIS beams themselves

Not including surface ionized 
molecular isobars! 

+ Ca, La, In, Tb, Al, Dy, Er, Tl isobars 
if much more abundant than isotope of interest

Low I.P element (well surface ionized)

Refractory elements (not released)

Not accessible with RILIS lasers

isobars



Dealing with surface-ionised contaminants

Surface Ion  
Suppression* 

~104

Efficiency loss 
~20

LIST

Alkali Suppression 
102 – 105

Efficiency loss 
~depends on volatility 

and on T1/2 

Quartz line Fast beam gate
Surface Ion  
Suppression 

~2
Efficiency loss 

~0

Establish 
compatibility 

with LIST

LIST 
developments

Efficiency loss 
<20

*Poor suppression for 212Fr  

Universal suppression 

Fast beam gate 
+ 

High resistance cavity 
+ 

ToF LIS

SI Suppression  —> 100 ?

+ (+)

Low I.P element (well surface ionized)

Refractory elements (not released)

Not accessible with RILIS lasers



High resistance cavity for reduced laser-ion bunch width

Universal ~10 x suppression of surface ions 
Negligible loss of laser ions

          + 

 

fast beam gate (us)High-resistance 
Sigradur cavity
in flexible carbon ‘spring’ mount  no beam gate
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Figure 1: Results from the thin-walled graphite and µ-gating. a) Time-of flight spectrum for thin-walled graphite and tantalum ionizer cavity. b) Mass spectrum
with and without 10 µs beam-gate, synchronized with the 10 kHz laser pulse, obtained with the thin-walled graphite cavity.
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Figure 2: Drawing of the suspension mount for fragile carbon cavities. All
parts but the hot cavity tube are made from graphite. A cylindrical connector
for the mass-marker capillary (not shown) can be inserted into the compression
screw.
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Figure 3: Result of the electro-thermal simulation of the ion source mount for
carbon cavities using Comsol 5.1.
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Sigradur — promising cavity material

11 %

18 %

Li 
Surface  

ionisation  
efficiency

SEM surface analysis

 no beam gate
 10 µs wide BG

37 38 39 40 41 42 43 67 68 69 70 71 72

1

10

100

1000

 

 

io
n 

cu
rr

en
t [

pA
]

mass [amu]

39K

40Ca
41K

69Ga 71Ga

0 10 20 30 40 50 60 70 80 90 100

0.0

0.2

0.4

0.6

0.8

1.0

 

 

no
rm

al
iz

ed
 si

gn
al

time-of-flight [µs]

thin graphite, U = 9.3 V
FWHM = 3.8 µs
tantalum, U = 2.2 V
FWHM = 13 µs

69Ga

a) b)

Figure 1: Results from the thin-walled graphite and µ-gating. a) Time-of flight spectrum for thin-walled graphite and tantalum ionizer cavity. b) Mass spectrum
with and without 10 µs beam-gate, synchronized with the 10 kHz laser pulse, obtained with the thin-walled graphite cavity.
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Pulsed line heating

Pulsed heating

2

4

8

16

600 W

U / V

I / A30015075

Thin graphite

Ta ionizer

Thin graphite
@ 25% PWM

Mz graphite, Thick graphite ?

Possible benefits:
• Increased voltage without requiring a thin and fragile cavity
• Easier control for tests/characterization
• Possibility to flush out surface ions before laser ionization
• Overcome space charge/ion loading issues
Potential issues:
• Limited by separator acceptance: high cavity voltage = high energy spread
• Induction in long cables: Physical rise/fall time limitations



Drift-tube extractor for energy-spread reduction

0 V

          + 30 V @ 10 kHz

10 kHz
laser ion bunches
3 μs

energy spread 
30 V 

3 μs
rise time

          + 60 kV           + 60 kV
         

10 cm drift tube with adjustable voltage offset 
and superimposed 30 V 10 kHz waveform:
60-1 kV gives a 2.8 µs flight time for mass 150

 (+30 V) 

(+30 V  ‘square’ wave @10 kHz) 

GND

fast 
beam gate

Proton beam
(1.4 GeV, 2 μA)

REMOVE energy spread from 
laser ions

At least DOUBLE the energy 
spread of surface ions

Additional selectivity increase 
due to good mass separator 
acceptance of only laser ions!

Pulsed heating: 0-30 V, 25% duty factor

High voltage cavity  + micro beam gating + drift tube extractor with voltage ripple 

Exploit the time dependent laser-ion energy within the ion bunch 



ToFLIS concept (Time-of-flight Laser Ion Source)

V.I Mishin



High purity / versatile RILIS - Compilation of options

          + 

 

Short LIST
(same length as hot cavity)
The ion bunch time focus coincides
with the extraction region

fast beam gate (µs)Switchable polarity 
high-Ω cavity (Sigradur )
as repeller with 
in built heat shield

QUARTZ line 
for alkali 
suppression

+ / - 200V

Floating DC 
offset option

Next generation LIST
High resistance cavity
DC-OFFSET option

Quartz line compatibility

ToF LIS compatibility

Presented at EMIS 2015, article in press, S.Rothe et al: DOI 10.1016/j.nimb2016.02.060



VADLIS — RILIS inside a FEBIAD ion source

Proton beam

Target magnet

Anode 
0-200 V

Cathode

Target

RILIS lasers  

(directed through 1.5 mm hole)

ANODE exit hole 
∅ = 1.5 mm



VADLIS — explanation

ANODE: 
120 V 10 V 120 V 120 V

Selectivity
Increased efficiency

Beam diagnostics (laser ON/OFF)

So far demonstrated for: 
Ga, Cd, Hg, Ba, Ba+, Sn, Mg (for 2016 ISOLTRAP run) 

RILIS coupled with liquid targets

Still not optimised for RILIS

Ionization scheme development for Chromium 
In-Source spectroscopy of neutron deficient Hg isotopes 
Charge radii of neutron rich Hg isotopes  

+ In preparation { 
Proceedings of the LA3NET conference in Mallorca 

Proceedings of the EMIS2016 conference in Grand Rapids 



Demonstrating VADLIS modes for Mg beams

23Na+ 23Mg+

RILIS-mode

VADIS-mode

changing	from	RILIS	
to	plasma

more	significant	background

VADISVADIS RILISRILIS

initial	isobars
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Io
n 
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Plots provided by V.Manea



VADLIS with adjustable grid, anode and extractor

GND

CATHODE (LINE)
~ 330 A
T ~ 2000 C

VANODE , IANODE

Magnet: 
0 - 300 Gauss 

VGRID ,  IGRID VEXTRACTION
IEXTRACTION

+30 - 60 kV

Maintain extraction potential during RILIS-Mode operation: VEXTRACTION ~ -150 V  
Improved ion source diagnostics : separate current measurements for each component

Somewhat decouple electron current, energy and ion extraction : more knobs to turn



VADLIS with adjustable extraction voltage

Standard VADIS in  
RILIS mode (ANODE = 5V)

Adjustable-extraction VADIS 
RILIS mode (ANODE = 5V)

Extractor = 0V

Extractor = -150V

Particle-in-cell model using VSim: PhD work of Yisel Martinez / KU Leuven
Awaiting imminent experimental results for RILIS ionisation of Ga



Surface ion reduction with VADLIS

ANODE grid = 
surface ion 

repeller

Low work-
function anode 
material: 
no surface ions 
inside FEBIAD
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Extending the capabilities of  the ISOLDE RILIS, a blurring of  
the boundaries between ion sources at ISOLDE
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T. Day Goodacre1,2, A. Barzakh3, J. Billowes2, R. Catherall1, T. E. Cocolios2, B. Crepieux1 , D. Fedorov3, V. Fedosseev1, J.P. Ramos1,4, L.P. Gaffney5, A. Gottberg1, K. M. Lynch2, B. Marsh1,  T. M. Mendonça1, P. Molkanov3, R. E. Rossel1, 
S. Rothe1, S. Sels4, C. Sotty4, T. Stora1, C. Van Beveren5, M. Veinhard1, F. Wenander1.

1) CERN, Geneva, CH; 2) The University of  Manchester, Manchester, UK; 3) PNPI, Gatchina, RU; 4) Ecole Polytechnique Federale de Lausanne, Lausanne, CH; 5) KU Leuven, Leuven, BE; 6. JGU Mainz, Mainz, DE.

The Resonance Ionization Laser Ion Source (RILIS
http://rilis.web.cern.ch) is the principle ion source of the ISOLDE
radioactive ion beam facility [1]. This is due to its combination of
chemical selectivity, with an efficiency that often exceeds 10%.

There are two avenues by which to expand the RILIS capabilities:

• Laser ionization scheme development, schemes for Ba, Li, Cr, Hg,
Ge, and Te have been developed over the last 24 months.

• Development of the laser-atom overlap region. The combination
of the RILIS with a surface ion source enabled the first hot cavity
2+ resonance ion-ionization. The RILIS was also combined with
the VADIS, ISOLDE's FEBIAD type arc discharge ion source,
enabling in-source laser spectroscopy within the VADIS, isomer
selective Hg beams from a molten Pb target and the possibility to
reduce the surface ionized background.
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Resonance laser ionization inside the VADIS anode “cavity”

Coupling RILIS with a molten Pb target

In-source resonance ionization spectroscopy of  Hg 

Isomer selective Hg ionization 

Selective ionization of “surface ionizable” elements

Motivation Results Outlook: ultra-pure post 
accelerated beamsBarium beams at ISODE can suffer from isobaric

contamination, particularly from caesium and indium. The
comparably low ionization first and second ionization potentials
of barium, 5eV and 10 eV respectively means that resonance
laser ion-ionization of surface ionized barium becomes a viable
option.

• 2+ barium will be separated from caesium and indium isobars
using the separator magnets.

• Doubling the charge to mass ratio would shift the neutron
deficient 112-118 barium to a region where the ionization
potentials of the possible isobaric contaminants are 6.75 eV
or greater.

Resonance ion-ionization of singly ionized barium was successfully demonstrated for
the first time, in a tungsten hot Cavity. A four laser, five step scheme was used to
increase the efficiency. Selective 2+ ionization, combined with the two stage ionization and mass

separation process, could enable ultra pure post accelerated beams.

The resonance laser ionization in the VADIS developments enabled the RILIS to be coupled with a molten Pb
target for the first time, this had two immediate consequences:

The IS598 in-source spectroscopy run [2] took place using the RILIS lasers to scan the hyperfine structure of
mercury isotopes while synchronised with either the Windmill detector or the ISOLDE MR-ToF for detection.
The run successfully measured the isotope shift of mercury isotopes 207, 208, 180, 179, 178 and 177 for the first
time!

The VADIS is ISOLDE's FEBIAD type arc discharge ion source. Recent testing demonstrated the feasibility of achieving resonance laser ionization within the
VADIS anode “cavity”, with a RILIS Mode of operation shown in Figure 8.

The in-source spectroscopy
run also demonstrated the
RILIS capability to produce
isomer selective mercury
beams, the most striking
example is for 185Hg shown
in Figure 9.

Following the advances in
narrowband Ti:Sa operation
[3] (see talks of Dr. S. Rothe
and Prof. K. Wendt), it is
possible to stabilize the laser
frequency to the resonance
of a particular isomer for a
full experiment.

References Contact 

The selectivity of laser ionization inside the hot cavity can be compromised by surface ionized isobars. The efficiency of
surface ionization is related to the work function of the cavity material, 4.52 eV and 5 eV for tungsten and rhenium
respectively. The anode grid is thought to act as a repeller for surface ions created outside the anode cavity.

Figure 1. Protons at 1.4 GeV are extracted from the PSB to impact upon an ISOLDE target. The reaction products are ionized, most
commonly with the laser ion source as shown above. Once ionized, the reaction products are extracted as a radioactive beam, this is
filtered by a mass separating magnet for purification before being directed to experiments or reacceleration in the ISOLDE Hall. Figure 2. The principle of  laser resonance ionization.

Figure 3. the 1+ surface ionized elements of  interest are resonantly double ionized with 
the RILIS lasers.

Figure 4 . The 2+ ionization process of  barium in a hot cavity. Barium was 1+ ionized both by the hot cavity and resonance ionization, three 
further excitation steps were used to doubly ionize the barium. 

Figure 5. the potential application of  2+ ionization to reaccelerated beams.

RILIS 
Mode

VADIS Mode

By scanning the anode voltage, a new “RILIS Mode” of
operation was discovered! An optimized setting for
selective laser resonance ionization and ion extraction.

-20000 0 20000 40000
0

10

20

30  Count rate
 185Hg
 185Hg + 185mHg
 185mHg

A
rb

 s
ig

na
l m

ea
su

re
d 

at
 M

R
-T

oF
 

Frequency (MHz)

Figure 6. Lasers in the VADIS ion source. The reaction products created inside the target effuse via a transfer line to the
VADIS for ionization in the anode cavity. The lasers converge to pass through a 1.5mm diameter aperture and into the VADIS
anode “cavity” .The laser-atom overlap region makes up just 7% of the total anode cavity volume.

Figure 7. Schematic of the VADIS ion source. Electrons are emitted by a cathode heated to 2000 C. The anode is a cylindrical
electrode held at 100 - 150 V, the face of the cylinder facing the cathode is a grid to allow the passage of the accelerated
electrons into the anode cavity to ionize the reaction products from the target.

Figure 8. VADIS anode voltage scan Vs Ga ion signal. 

Figure 9. Hyperfine structure scan of 185Hg and 185m Hg using the RILIS lasers and the ISOLDE MR-ToF for
detection. This measurement was made during the IS598 Windmill-MR_ToF-RILIS experiment at ISOLDE.
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Figure 10. Laser ionized Ba signal Vs VADIS anode voltage. The unexpectedly low 1+ barium yields 
in VADIS mode could be related to the 5eV ionization potential of  barium.
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Figure 11. Proportion of  surface ionized Ba signal Vs laser ionized Ba signal in different cavity types.
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Modified ANODE grid  
= 

Molybdenum mirror

50 % reflectivity for all wavelengths 
• increased efficiency 
• 2-photon spectroscopy feasibility?
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2-photon spectroscopy with VADLIS

Two-photon RILIS schemes need to be investigated
Molybdenum anode mirror needs to be made and tested off-line
Pulsed amplified CW laser needed at RILIS (CRIS/COLLAPS?)
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Non-metals: excitation of meta-stable states

1+, 2+

Low I.P element (well surface ionized)

Refractory elements (not released)

Not accessible with RILIS lasers
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• Populate atomic metastable states 
• Build RILIS scheme from metastable level 
• Most suitable for Rn (few atomic states) 
• Proof of principle with Ar, Kr, Xe 
• First tests proposed for November/December
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Sigradur — suitability for ISOLDE?
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Figure 1: Results from the thin-walled graphite and µ-gating. a) Time-of flight spectrum for thin-walled graphite and tantalum ionizer cavity. b) Mass spectrum
with and without 10 µs beam-gate, synchronized with the 10 kHz laser pulse, obtained with the thin-walled graphite cavity.
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Figure 2: Drawing of the suspension mount for fragile carbon cavities. All
parts but the hot cavity tube are made from graphite. A cylindrical connector
for the mass-marker capillary (not shown) can be inserted into the compression
screw.
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Figure 3: Result of the electro-thermal simulation of the ion source mount for
carbon cavities using Comsol 5.1.
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Figure 4: Results from the stress-test for graphite and Sigradur cavities.
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Independent laser for 
non resonant ionization 

Blaze laser installed at RILIS in Dec 2012 

•  40W at 10 kHz 
•  17ns Pulse 
•  Low Jitter 
•  Gaussian beam 
•  Much better transmission  
     efficiency to ion source 

A similar efficiency improvement should be expected for the 18 RILIS elements that use non-resonant 
ionization for the final step! 

Laser Laser Power  
(on table) 

Reference 
beam power in 
3 mm aperture 

Transport 
efficiency 

Edgewave 43 W 370 mW 33 % 

Blaze 15 W 350 mW 88% 

Blaze 40 W 800 mW 76% 

Power dependent thermal lensing in the beam transport optics is to be eliminated 

B. Marsh et al., Suitability test of a high quality Nd:YVO industrial laser for the ISOLDE RILIS installation.  
CERN-ATS-Note-2013-007 TECH 

Can be used for Dye and Ti:Sa pumping as a back-up laser 



The ISOLDE RILIS technical summary
10 kHz laser repetition rate

210 - 1000 nm tuning range

3 x TiSa cavities (inc auto-tuning NB options)

3 x Dye lasers (inc NB option)

Dedicated TEM00 40 W 532 nm 
laser for non-resonant ionisation

Beam paths to GPS, HRS, ISCOOL, GLM, 
CRIS (optical fiber)

6 pump lasers

EMIS article on RILIS status by S.Rothe et al.:  10.1016/j.nimb.2016.02.024

Total cost ~ 1 M Euros



Sigradur — promising cavity material
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Figure 1: Results from the thin-walled graphite and µ-gating. a) Time-of flight spectrum for thin-walled graphite and tantalum ionizer cavity. b) Mass spectrum
with and without 10 µs beam-gate, synchronized with the 10 kHz laser pulse, obtained with the thin-walled graphite cavity.
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Figure 2: Drawing of the suspension mount for fragile carbon cavities. All
parts but the hot cavity tube are made from graphite. A cylindrical connector
for the mass-marker capillary (not shown) can be inserted into the compression
screw.
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Figure 3: Result of the electro-thermal simulation of the ion source mount for
carbon cavities using Comsol 5.1.
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Laser ion source for refractory metal molecules

GND          + 30-60 kV 

M ionization scheme

M (CO)x molecules

          + 30-60 kV 
          + ~10 V pulses

laser-induced 
M (CO)x break-up 

followed by

T < 200 C

open questions: 
Can RILIS lasers break up carbonlys? 

Delivery of molecules to ion source? 
Alternatives to carbonyl molecules? 

Initial laser break-up tests ongoing: 
Christoph Seiffert  
Jochen Ballof

GND

CATHODE (LINE)
~ 330 A
T ~ 2000 C

VANODE , IANODE

Magnet: 
0 - 300 Gauss 

VGRID ,  IGRID VEXTRACTION
IEXTRACTION

+30 - 60 kV

MFx

10 kHz 
pulsed

e- beam

2a) Dissociation by electron impact 2b) Dissociation by laser pulse
1) Creation and transport of volatile molecules of refractory metals

3) Resonance ionisation before atom/wall collision



Refractory Metals: Molecule formation/break-up
1) Production and 

extraction of volatile 
molecules

2) Molecular break-up

3) Optimize neutral fraction whilst 
suppressing background
4) Laser ionize M atoms 
 before they stick to walls

Example of a ISBM working group activity

Possible approach: 
Formation of delicate but 
volatile carbonyl molecules at 
room temp

118 HELVETICA CHIMICA ACTA

These data are nicely corroborated by the results of electron impact measurements
[2, 3J, as indicated in Table 1. Here the energies are given in eV. The precision of the

Table 1. Average Bond Dissociation Energies, eV

Cr(CO)6
MO(CO)6
W(CO)6
Fe(C°ls
Ni(CO)4

Thermochemical

1.2
1.6
1.8
1.2
1.5

Electron Impact
WINTER & KISER [2J

1.2
1.8
2.0
1.1

JUNK et al. [3J

1.1
1.6
1.9
1.1

electron impact values is perhaps 0.05-0.1 eV, but the absolute accuracy may be only
about + 0.3 eV. The thermochemical results probably have accuracies of similar
magnitude. It is seen that the various results are quite consistent with one another.

These energies show that the metal-CO interactions are quite strong though not so
strong as to suggest the presence of both strong (J and strong n bonding. Rather, they
tend to imply that the combined effect of the (J and n bonding (see Section 2), the
former tending to be inherently weak, is equivalent to a more ordinary, strong single
bond.
2. Nature of the Metal-CO Bond. - This discussion will be restricted to the

so-called terminal (that is, non-bridging) CO groups. It will also be assumed that the
symmetry of the molecular environment is not such as to cause any bending of the
M-C-O chain in order to simplify the discussion.

In view of the stability of the metal carbonyls despite the facts that formally
neutral metal atoms should be poor LEWIS acids while CO is known to be a poor
LEWIS base, it was long ago proposed that the M-CO bond must be a combination of
C-+-M (J donation with M-+-Cn donation.

This idea was originally formulated in terms of a resonance hybrid, viz.
- + ..
M-C:=O: <0(-__ M=C=O: ,

but it can be developed in more detail in molecular orbital terms as shown in Fig. 1.
For the MCO system itself these are equally valid (though perhaps not equally useful)
descriptions. It will be shown below that in the analogous metal isonitrile system,
structural data indicate that the MO description is correct whereas the VB description
is at best ambiguous.

(0) 0MO + e c_ o =0

Fig. 1. (a) The formation of the C -+- M (J bond using an unshared pair of electrons on the carbon
atom. (b) The formation of the M -+- C n bond by donation of metal dn electrons into the n anti-

bonding orbitals of co.

M(CO)x

#1  PhD project:  
Jochen Ballof 

University Mainz / CERN

# 2-4 Fellow project: 
Christoph Seiffert (RILIS Fellow) 

- Optimal use of equipment and personnel resources


