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1 INTRODUCTION 

1.1 HELIUM 



1.1.1 Different directions in quantum fluid clusters research 



1.1.2 Molecular rotation in helium nanodroplets  
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1.1.3 Spectroscopy of ions in helium nanodroplets 
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1.2 MOTIVATION 



1.3 OUTLINE 





2 EXPERIMENTAL SETUP 

2.1 OVERVIEW 
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1
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𝑒

− 
(ln 𝑁−𝜇)2

2𝛿2  

δ μ

〈N〉 = e 𝜇 + 
𝛿2

2     ;     S = 〈𝑁〉√𝑒𝛿2
− 1 

r =  𝑟0 √𝑁
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2.2 LASERS 
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2.3 METHODS 

2.3.1 Excitation spectra 

2.3.2 Ion-velocity map imaging 



𝑇 = 𝐶 · 𝑞 · 𝑉𝑅 · 𝑅2 

θ θ

𝑃𝑒(𝑇) =
1
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𝑣

𝑚
𝑃𝑣(𝑣) 

〈E𝑘𝑖𝑛〉 =
∫ T · 𝑃𝑒(𝑇)𝑑𝑇

∫ 𝑃𝑒(𝑇) 𝑑𝑇
 

2.3.3 Time-of-flight mass spectra 





3 SETUP OPTIMISATION 

3.1 MOTIVATION 

3.2 REFLECTRON TIME-OF-FLIGHT SPECTROMETER 

3.2.1 Concepts 
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3.2.2 Design 





3.2.3 Simulated ion trajectories and mass resolution 
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3.2.4 Experimental details 





3.3 HIGH-VOLTAGE SWITCH 
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3.4 SUMMARY 



4 PENDULAR STATE SPECTROSCOPY OF 

MOLECULAR IONS 

4.1 INTRODUCTION 
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4.2 CONCEPTS AND METHODS 

4.2.1 Coordinate system and orientation determination 
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4.2.2 Calculations of molecular orientation 
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ε
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4.2.3 Aniline 

4.2.3.1 Neutral aniline 
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4.2.3.2 Ionic aniline 
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4.3 EXPERIMENTAL APPROACH 

4.3.1 Layout 



4.3.2 Methods 

4.3.2.1 Neutral aniline 
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4.3.2.2 Ionic aniline 
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4.4 RESULTS 

4.4.1 Neutral aniline 

4.4.1.1 Electronic transitions 
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4.4.1.2 Vibrational transitions 



0 10 20 30 40 50 60
-0.6

-0.4

-0.2

0.0

0.2

0.4

0.6


sym
NH

2
    linear fit


asym

NH
2
   linear fit

P

Electric Field (kV·cm
-1
)

υ υ



0 10 20 30 40 50 60

-0.6

-0.4

-0.2

0.0

0.2

0.4

0.6

Experimental


sym

NH
2
   linear fit


asym

NH
2
   linear fit

Calculated 0.4 K, rot c/3


sym

NH
2
   linear fit


asym

NH
2
   linear fit

P

Electric Field (kV·cm
-1
)

υ

υ

4.4.1.3 Summary 



4.4.2 Cationic aniline 
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4.4.2.1 Calculations 
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4.4.2.2 Effect of UV polarisation 
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4.4.2.3 Effect of pulsed electric fields 
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4.4.2.4 Droplet size dependence 
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4.4.2.5 IR fluence dependence 
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4.4.2.6 Lineshape measurements 
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4.4.2.7 Summary 





4.5 SUMMARY 
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5 ION SPECTROSCOPY OF SODIUM ION 

WATER COMPLEXES 

5.1 INTRODUCTION 





5.2 EXPERIMENTAL APPROACH 
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5.3 SUPPORT INFORMATION AND CONCEPTS 

5.3.1 Pick-up probability and evaporative cooling loss 
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5.3.2 Sodium dimer and solvation complexes 

5.3.2.1 Sodium dimer 
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∑

∑



5.3.2.2 Ionic sodium monosolvated complex, Na(OH2)+ 

5.3.2.2.1 Ionisation energy 

5.3.2.2.2 Geometry, rotational constants and vibrational band frequencies 
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5.4 RESULTS 

5.4.1 One laser experiments 

5.4.1.1 Excitation spectra of Na and water doped droplets: Rydberg states 

region and structure for Na(OH2)+ 
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5.4.1.1.1 Sodium dimer 

ᴼ





0

10

20

0

4

8

12

0

10

20

30

40

0

2

4

6

0

1

2

38500 39000 39500 40000 40500 41000 41500
0

1

2

In
te

n
s
it
y
 (

c
o

u
n
ts

)

Water doping
Na

+

Na(OH
2
)

+

(a)

(f)

(e)

(d)

(c)

Na
+

No water doping

Tnozzle = 13 K
Na IP

    Na
2
 IP

(singlet state)

100 ºC

110 ºC

120 ºC

Toven 

(b)Na
2

+

Na
2

+

Wavenumber (cm
-1
)

Na
2
(OH

2
)

+

ᴼ
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5.4.2.2 Poisson distribution 
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