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Bis-(bis(8-quinolinyl)amide)metal(II) Complexes
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[1] Albrecht, G, PhD thesis, Justus-Liebig-Universität Gießen, Gießen, 2019.
Synthesis by Harald Locke. Single crystal X-ray diffraction by Dr. Jonathan Becker, Insitute of Inorganic Chemistry.
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Connecting Device Performance and Single Crystal Structure
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single crystal thin film transistorconnection?

charge carrier mobility

𝜇lin −20 V = 9.5 × 10−7
cm2

Vs

on-off-ratio of the device current
𝐼𝑜𝑛
𝐼𝑜𝑓𝑓

= 15

𝜇sat −60 V = 8.1 × 10−5
cm2

Vs
𝐼𝑜𝑛
𝐼𝑜𝑓𝑓

= 1178
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Challenges of the Structure Properties Relationship

1. Can we exclude morphology effects as an influence to the device performance?

• grain size, grain uniformity, grain boundaries, 
homogeneity of the film, pin holes and cracks

2. Can we exclude decomposition of the compounds during film preparation?

3. Is the single crystalline structure prevalent in the film?
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Sample Preparation
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needles

compact crystal

Thin Film Preparation by Physical Vapor Deposition

Single Crystal Growth by Vacuum Sublimation

PVD

• high vacuum: 𝑝 ≤ 5.4 × 10−6 mbar
• resistively heated BN crucible

zoom in

• evap. rate: r = 0.5 ± 0.2 nmmin−1

• film thickness: 57 nm ≤ 𝑑 ≤ 103 nm

• no air contact – no degradation
• crystals free of solvent molecules
• fine vacuum: 𝑝 ≈ 1 × 10−1 mbar
• temperature: 250 °C ≤ 𝜗 ≤ 270 °C
• duration: 5 days
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Challenges of the Structure Properties Relationship

1. Can we exclude morphology effects as an influence to the device performance?

• grain size, grain uniformity, grain boundaries, 
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Morphology Studies – Atomic Force Microscopy
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• granular structure

• no pin holes and cracks

• high homogeneity

• similar island
sizes

• similar elastic
properties

• morphology effects 
apparently neglectable

d = 72 nmd = 57 nm
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Challenges of the Structure Properties Relationship

1. Can we exclude morphology effects as an influence to the device performance?

✓Yes, morphological differences of the films can be neglected.

2. Can we exclude decomposition of the compounds during film preparation?

3. Is the single crystalline structure prevalent in the film?
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Molecular Stability during Thin Film Preparation (ESI-MS)
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• expected m/z ratio found: m/z = 596,14
• isotope signals at 594.14, 597.14, 598.14
• no fragmentation
• similar signals

• no decomposition during PVD process → suitable technique for film preparation

ESI-MS analysis was supported by Finn Willming.
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Molecular Stability during Thin Film Preparation (ESI-MS)
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powder in DCM, high concentration:
adduct with H (605.14)
fragment due to splitting

sublimation grown single crystals, medium concentration:
signals of the powder (adduct, fragment)
weak signal of [Fe(BQA)
additional fragments and adducts of the ligand and 
sodium and hydrogen atoms apparently due the 
measurement process

thin film, low concentration due to low thickness/small 
substrate:
dominant signal of [Fe(BQA)
attempted explanation: hydrolysis of DCM, formation of 
HCl, HCl forms small amounts of FeCl
metal cannula (for handling the DCM), reaction of FeCl
and [Zn(BQA)
due to its high distortion (dihedral angle 23,7
With increasing concentration, the relative amount of 
formed [Fe(BQA)

thin film, high concentration, high thickness, large 
substrate:
adduct and fragments found in powder and single crystal 
spectra
no significant [Fe(BQA)2] signal as expected

Relevant signals of thin film (high conc.) single crystal and 
powder solution are comparable
→

• powder, high concentration:
• adduct with hydrogen
• fragment (splitting-off BQA)

• thin film, high concentration:
• powder signals

• single crystal, medium concentration:
• no fragments found by XRD
• powder signals
• additional fragments & adducts
• weak [Fe(BQA)2]+ signal (!)

• thin film, low concentration:
• dominant [Fe(BQA)2]+ signal
• attempted explanation:

DCM hydrolysis; HCl forms FeCl2 at 
contact to metal cannula; complete 
conversion of the small amount of 
[Zn(BQA)2] to [Fe(BQA)2]

• no decomposition during PVD process 
→ suitable technique for film 
preparation
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Challenges of the Structure Properties Relationship

1. Can we exclude morphology effects as an influence to the device performance?

✓Yes, morphological differences of the films can be neglected.

2. Can we exclude decomposition of the compounds during film preparation?

✓Yes, PVD is suitable for thin film preparation without decomposition.

3. Is the single crystalline structure prevalent in the film?
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Comparison between Powder and Single Crystal X-Ray Diffraction
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Powder samples as reference for comparing the 
vibrational bands by Raman spectroscopy
→

present in the powder

FeBQA
diffraction pattern from single crystal structure data

Single crystals grown from solution; electron density of 
solvent molecules found in cavities between complex
molecules

Diffractometers not calibrated; shift of 0.27
the data is acceptable

good qualitative agreement of patterns, small reflex 
broadening

low intensity of 

reflexes of KCl from synthesis; 
can be neglected since KCl is not Raman active and is 
not transferred into thin films by PVD

Single crystal structure prevalent in the powder
(solvent inclusions can be assumed)

• KCl, presumably byproduct from synthesis
• no Raman activity, not transferred into thin films by PVD

• low scattering intensity
• similar diffraction patterns

• desired stacking motif prevalent in [Fe(BQA)2] powder

Powder XRD analysis was supported by Dr. Pascal Cop, Institute of Physical Chemistry.
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Comparison between Powder and Single Crystal X-Ray Diffraction
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• measured pattern matches simulation from sublimation grown single crystal

• solvent free single crystal structure prevalent in [Zn(BQA)2] powder
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Gracing Incidence X-Ray Diffraction (GI-XRD)
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𝛼 = 0.5°
• 0.5° incidence angle: probing the  

topmost sample layers
• analysis performed in device geometry
• film thickness: 57 nm
• strong substrate reflexes
• no complex specific reflexes

GI-XRD analysis was supported by Dr. Pascal Cop, Institute of Physical Chemistry.
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Gracing Incidence X-Ray Diffraction (GI-XRD)
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𝛼 = 0.5°
• increased film thickness (100 nm)
• substrate reflexes comparable to [Fe(BQA)2]
• no complex specific reflexes

• variation of: incidence angle, integration time per data point, film thickness, substrate

➢ crystal structure of BQA complex thin films not accessible through GI-XRD

𝛼 = 0.3°, 0.5°, 1.0°
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Raman Spectroscopy of Powders, Single Crystals and Thin Films
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studying the vibrational properties of different solid 
state samples by Raman spectroscopy, a method, 
which is sensitive for changes in the crystalline order

Compare the vibrational response of films, powders 
and, for 
crystal structures are prevalent in the films

Irradiation of the sample by laser radiation (633 nm, 
red)

Raman microscope used; spot size 1 um

All significant band of the powder are also present in 
the thin film spectrum
similar crystalline order and intermolecular interaction 
of thin films and powder samples
XRD has shown the single crystal structure being 
prevalent in the powder

Successful transfer of the desired stacking motif into 
thin film devices. The well
in the structure is proven to be the reason for the 
more efficient charge carrier transport and higher 
charge carrier mobility. It is caused by low distortion 
and small dihedral angle of the complex.

• comparing vibrational properties in solid state

• sensitivity for changes of the crystalline 
order of organic semiconductors

• irradiation of the sample: red laser, 633 nm.

• silicon substrate signal (521 cm−1)

• cosmic rays event (1416-1411 cm−1)

• corresponding Raman bands

• similar vibrational properties and 
crystalline order of thin films and powder

• successful transfer of the stacking motif into 
thin film devices

Raman spectroscopy was supported by Dr. Limei Chen, I. Institute of Physics.
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Raman Spectroscopy of Powders, Single Crystals and Thin Films
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• additional spectra collected for solvent free 
single crystals and crystalline needles

• changed light source (crystals and powder): 
infrared laser (785 nm)

• silicon substrate signal (521 cm−1)

• corresponding bands for powder, compact 
crystals and crystalline needles

• similar crystal structure

• significant deviation of thin film spectra

• altered crystal structure: polymorphism

For 
solvent free single crystals and crystalline needles to 
film and powder spectra

measurement spots on crystalline samples were 
marked by small crosses in the microscopic images

spectra of films were collected under red laser 
irradiation (633 nm), for powder and crystals we had to 
switch to infrared laser radiation (785 nm) due to a 
significant fluorescence background reducing the 
signal

Silicon substrate signal at 521 cm^

subtraction of asymmetric baselines due to 
fluorescence background

compact single crystal: two dominant bands (1365 cm

Comparable bands for powder and crystalline needles 
indicate similar crystal structure, consistent with 
powder and single crystal XRD.
Small differences of the needle spectra may indicate a 
slightly different crystal structure, reasonable in the 
view of the different crystal morphology

There is a significant deviation of thin film spectra from 
powder and crystal spectra, which has to be due to 
differences in crystal structure, since decomposition 
has been excluded. 
polymorphism, presumably because of weak 
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Summary

1. Can we exclude morphology effects as an influence to the device performance?

✓Yes, morphological differences of the films can be neglected.

2. Can we exclude decomposition of the compounds during film preparation?

✓Yes, PVD is suitable for thin film preparation without decomposition.

3. Is the single crystalline structure prevalent in the film?

✓ [Fe(BQA)2]: successful transfer of the beneficial stacking motif into thin 
film devices → efficient charge transport

 [Zn(BQA)2]: polymorphism, presumably due to lower lattice energy and 
weak intermolecular interaction → inefficient charge transport
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Questions 
and 

Discussion
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Morphology Studies – Atomic Force Microscopy
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Morphology Studies – Atomic Force Microscopy
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Molecular Stability during Thin Film Preparation (ESI-MS)
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Gracing Incidence X-Ray Diffraction (GI-XRD)
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• doubled integration time (10 s)
• different wafer substrate (SiO2: 𝛼-cristobalite, not keatite)
• no gold microelectrode arrays

• no correlation of simulated and measured pattern
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Optical Spectroscopy
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ligand centered
transitions

metal centered
transitions

ligand centered
transitions

• correlation of bands → stability of [Fe(BQA)2]
• red shift during film growth

• powder and solution spectra blue shifted vs. film
➢ removal of solvent molecules during PVD

• correlation of bands → stability of [Zn(BQA)2]
• red shift during film growth

• powder and solution spectra blue shifted vs. film
• film: missing high energetic band (400-450 nm)

➢ crystal structure differences
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Raman Spectroscopy of Powders, Single Crystals and Thin Films
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• comparison of thin films and powder Raman spectra of both complexes

• Some band positions correlate, presumably due to similar molecular structure

For 
solvent free single crystals and crystalline needles to 
film and powder spectra

measurement spots on crystalline samples were 
marked by small crosses in the microscopic images

spectra of films were collected under red laser 
irradiation (633 nm), for powder and crystals we had to 
switch to infrared laser radiation (785 nm) due to a 
significant fluorescence background reducing the 
signal

Silicon substrate signal at 521 cm^

subtraction of asymmetric baselines due to 
fluorescence background

compact single crystal: two dominant bands (1365 cm

Comparable bands for powder and crystalline needles 
indicate similar crystal structure, consistent with 
powder and single crystal XRD.
Small differences of the needle spectra may indicate a 
slightly different crystal structure, reasonable in the 
view of the different crystal morphology

There is a significant deviation of thin film spectra from 
powder and crystal spectra, which has to be due to 
differences in crystal structure, since decomposition 
has been excluded. 
polymorphism, presumably because of weak 


