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Report: 
 
As described in the proposal we performed a temperature and rate dependent study of the kinetically 
controlled orientational transition of molecular thin films. The experiments were performed during growth in 
situ and in real time. The analysis of the data is still in progress, and the results are preliminary. In this report 
we summarize our key findings: we could observe growth anomalies for the first DIP layers due to a substrate 
induced orientational transition; further we could show that in later growth stages the �-phase of DIP is 
developing on top of the �-phase. 

 
In grazing incidence X-ray diffraction the �-phase 
(molecules standing up, cf. [1]) and �-phase (molecules 
lying down) each show characteristic Bragg reflections. 
While a film grown at 130 ºC (cf Fig. 1a) displays peaks 
that can all be attributed to the �-phase, a reduction in 
growth temperature leads to new peaks. For a film 
grown at 35 ºC (not shown) and even more so for a film 
grown at -7 ºC (Fig. 1b) additional peaks that 
correspond to molecules lying down flat appear. By 
changing the penetration depth of the evanescent field 
we could further establish that the �-phase is growing on 
top of the �-phase.  
The determination of the degree of phase coexistence as 
a function of growth temperate (that is the mobility of 
molecules on the surface), will allow us to correlate the 
growth kinetics of the two phases with the 
diffusivity / mobility of the DIP molecules.  
 
 
 
 
Fig. 1 GIXD measurements on DIP films grown at 
130 ºC (a) and -7 ºC (b).  
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We could obtain more detailed information about the kinetics of growth, by monitoring in real time the 
reflectivity at the 3/2 Bragg point, and, in a seperate growth run, the reflectivity in a finite region of q-space 
from q = �/d to q = 2�/d (where d is the DIP �-phase lattice spacing). The counting statistics is very good 
even for a sub-monolayer film, allowing for sub-second acquisition times per q-space point. This time 
resolution allows to follow the growth at typical rates of about one monolayer every five minutes. These time 
resolved measurements allow us to monitor changes of the lattice parameter of the layers interacting with the 
substrate. Fig. 2 shows the time evolution of the growth run at high substrate temperature (130 ºC). 
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Fig 2.  Evolution of the reflectivity curve with film thickness. The measurement comprises the 
region between the ½ Bragg peak (right hand side) and the first Bragg peak (left hand side). The 
reflectivity develops from a plain Fresnel reflectivity of bare silicon (front) to the film reflectivity 
showing the first Bragg peak and four Laue oscillations at a film thickness of 300 Å. 

 
The plot contains several pieces of information important for understanding the growth dynamics: 
• With increasing film thickness the �-phase Bragg peak grows stronger and its width decreases, Laue 

satellites form.  
• The Bragg peak intensity does grow less than quadratic (i.e. sub-linear in the above log plot), so with 

increasing film thickness not all material is forming the �-phase. This agrees with the complementary 
GIXD information about the development of the �-phase growing on top of the �-phase [1], and allows 
for a quantitative estimate. 

• The region near the anti-Bragg peak is affected strongly by interference between the substrate and the 
film. This may allow us to determine the relative phase and therefore relative distance between substrate 
and film lattice planes.   

• During the deposition of the first monolayer the time evolution does not follow the expected pattern. We 
are currently in the process of analysing this with a model in which the first layers are lying down flat on 
the substrate to maximize the van der Waals interaction. Scans at the 3/2 Bragg peak where the 
interference with the substrate is small, provide a means to distinguish between substrate interference 
effects and effects of molecular orientation.   

 
From data such as shown in Fig. 2 it is possible to extract the time traces of the growth not only at the ½ or 
anti-Bragg peak, but also for the 2/3, 3/4, … up to the 6/7 Bragg peak. These time traces again show that 
during deposition of the first layers the molecules do not all adopt the standing up configuration. 



After the first monolayers have grown, the time traces follow smooth oscillations. The oscillation period is 
changing with q as follows: at the ½ Bragg the oscillation period is the time until completion of 2 
monolayers, at the 1/3 point up the time to complete 3 monolayers and so on. The different traces also show 
different damping constants: while the ½ point oscillations are damped out after the roughness of the 
crystalline layers reaches 2 ML, the time constant for the damping at the 6/7 point is equivalent to the time 
when the roughness has reached a value of 7 ML.  
This data enables us to reconstruct the coverage of the individual molecular layers as a function of time, and 
thus the kinetically driven roughness. This allows to extract the associated growth exponents for the dynamic 
equilibrium during growth, as opposed to the post growth scenario (cf. [2]). 
To conclude, we could follow for the first time the growth of a molecular thin film in real time over a broad 
q-range. This measurement could demonstrate the existence of an orientational transition of the first 
monolayers, showing that the growth dynamics of molecular systems contains qualitative new phenomena 
that require further investigation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3 Real time trace for the growth of a 300 Å DIP 
film at 130 ºC 
 
 
 

 
 
 
We wish to acknowledge the excellent collaboration with the local contact L. Cavalcanti which made this 
challenging experiment a success. 
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