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Supplemental Information 
 
1.  Experimental Conditions and Materials.   

Tetracene vapor was generated by thermal evaporation at 190 – 230 °C from a heated graphite 
crucible placed 6” – 8” below the substrate.  Deposition was performed at 1 atm in N2, Ar or air.  
Atmospheric pressure deposition was apparently possible because small particles that formed in the gas 
phase dissolved in the LC layer, a process seemingly driven by Ostwald ripening.  The largest of these 
particles were several microns in size, determined by capturing them on adhesive tape placed near the 
substrate and imaging them with SEM.  Atmospheric pressure deposition was required to prevent 
evaporation of the LC, but also provides two important advantages: (i) the potential for greatly reduced 
cost of manufacturing compared to high or ultrahigh vacuum, and (ii) potential compatibility with 
nontraditional vapor generation methods such as electrostatic powder coating, which can be used to 
prepare truly large area films. 

Heating tetracene to ~200 °C in air results in some oxidation.  To test the effects of this, in some 
experiments the deposition chamber was pumped to 1 x 10-1 Torr and purged with 99.999% Ar up to eight 
times. The resulting films did not differ significantly from those grown in ambient air.  This may be 
because the oxidation products have a lower vapor pressure and hence do not evaporate significantly at 
the temperatures used, or it may be due to gettering by the LC solvent, which reduces incorporation of 
more soluble impurities into the growing crystals.  All experiments involving pentacene were performed 
under inert gas. 

Substrates typically measured 1 – 2 cm in diameter and were mounted to a temperature-controlled 
holder.  LC, PVA and lecithin were applied by spin coating. Alignment of PVA films was achieved by 
gentle unidirectional rubbing using a soft cloth. 

The effect of increasing coverage was to increase both the size of the largest crystals and, to a 
certain point, the density of crystals (i.e. number of crystals per unit area).  Once crystals covered 
approximately 1/3 of the projected surface area, nucleation of new crystals slowed, while existing ones 
continued to grow.  As crystals grew in thickness, additional LC pooled around them, keeping them 
submerged. 
 
Liquid Crystals: 
ZLI-3417-000 is a multicomponent LC mixture used in 2nd minimum twisted nematic displays.  It was 
purchased from Merck KGaA, Darmstadt, Germany, and has a proprietary formulation.  Crystallization 
temperature: <-20 °C, clearing point: 94 °C. 
MBBA (n-4'-methoxybenzylidene-n-butylaniline) is a single component room-temperature nematic LC.  
It was purchased from Frinton Laboratories, Vineland, NJ.  Crystallization temperature: 21 °C, clearing 
point: 47 °C. 
E7 was purchased from Merck KGaA. Crystallization temperature: <-20 °C, clearing point: 58 °C.  E7 is 
a euctectic nematic LC mixture consisting of four components: 

4’-pentyl-4-cyanobiphenyl (51 wt%) 
4’-heptyl-4-cyanobiphenyl (25 wt %) 

 4’-(n-octyloxy)-4-cyanobiphenyl (16 wt%) 
 4’-pentyl-4-cyano-p-terphenyl (8 wt%) 



 S-2 

Experimental conditions for specific figures: 
2A: Si(100) substrate coated with mechanically rubbed PVA and the LC ZLI-3417.  Substrate 
temperature 34 °C, deposition performed in air for 2 hours.  LC was removed prior to photographing by 
rinsing in cold hexane. 
2B: Si(100) substrate coated with mechanically rubbed PVA and the LC and the LC E7. Substrate 
temperature 35 °C, deposition performed in air for 45 min. LC was removed prior to photographing by 
rinsing in cold hexane. 
2C: Si(100) substrate coated with mechanically rubbed PVA and the LC and the LC MBBA. Substrate 
temperature 34 °C, deposition performed in air for 2 hours. LC was removed prior to photographing by 
rinsing in cold hexane. 
2D: Same conditions as 2A 
2F:  Same conditions as 2A, except that the PVA alignment layer was not mechanically rubbed. 
2G: Same conditions as 2A. 
 
 
 
 
2. X-Ray Diffractometry.  X-ray diffraction measurements were performed on tetracene films grown 
using the LC ZLI-3417 in Bragg-Brentano geometry with a Rigaku powder diffractometer (Cu k-α line).  
Diffractograms agreed with tetracene’s previously reported bulk triclinic structure.1  The observed 
reflections occurred exclusively from the (00l) family of planes, indicating that crystals oriented with the 
ab-plane of the unit cell parallel to the substrate. 
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Fig. S1.  X-ray diffractogram of tetracene on SiO2(100) / rubbed PVA / ZLI-3417.
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3. Fluorescence Spectroscopy.    The emission spectrum of an oriented tetracene film is shown in Figure 
4.2.  The sample was illuminated using monochromatic 500 nm light, with a 515 nm long-pass filter 
between the sample and detector.  The spectrum reveals a prominent peak at 534.7 nm, corresponding to 
the (0-0) transition, and a second peak at 557.3 nm for the (0-1) transition peak.  Peak positions were 
found by curve fitting the spectrum using a two peak Lorentzian model.  The spectrum agrees with 
previous studies of both polycrystalline and single crystal tetracene.2,3,4 
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Fig. S2. Fluorescence emission spectrum of tetracene on SiO2(100) / rubbed PVA / ZLI-3417, with 
assigned vibronic transitions and their respective wavelengths. 
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4. UV-Vis Absorption Spectroscopy. Absorption spectroscopy measurements were performed with 
samples grown on transparent glass substrates using both polarized an unpolarized light.  Peak positions 
were found to be in good agreement with recent studies of crystalline tetracene.5, 6, 7, 8, 9 

The polarization-dependence of the two lowest energy Davydov components, indicated in Fig. 
S3, combined with the finding from x-ray diffraction that the ab-plane is parallel to the substrate, can be 
used to analyze crystallographic orientation.10  Although this information is limited to an angular 
resolution of ±45°, due to the uniaxial symmetry imposed by the LC, the results provide an independent 
confirmation of the orientational assignment from shape modeling of individual crystals discussed in the 
paper.  

Considering the lower Davydov component centered ~527 nm, the absorbance of a single, 
isolated crystal is: 

 A527 = A 527
back  + kcos2(φ)      (Eq. S1) 

where 527
backA  is background absorbance and scattering, k is an absorption parameter determined by crystal 

thickness and the molar extinction coefficient, and φ is the angle between the electric field vector and the 
b-axis.  In a film containing many crystals, the overall absorbance profile reflects the macroscopic 
distribution of orientations.  As we have shown, films grown using an oriented LC solvent exhibit two 
dominant crystalline orientations, related to one another other by a mirror plane along the nematic 
director.  The films are highly ordered, so for simplicity the b-axis can be modeled as orienting equally 
often along just two in-plane directions, ±β, where β = 0 is defined parallel to the director. The analysis of 
just two orientations, rather than two ensembles of orientations, does not affect the conclusion.  The 
overall absorbance is: 

    ≈527
overallA 527

backA  + kcos2(θ + β) + kcos2(θ − β)  (Eq. S2) 

Fig. S3. Unpolarized UV-Vis absorption spectrum of tetracene film grown with PVA and LC 3417 on 
glass. This spectrum is virtually indistinguishable from those found in previous studies with regard to 
both peak positions and degree of Davydov splitting, a broadening of the 0-0 band due ultimately to the 
unit cell structure of tetracene which is comprised of two unequal molecules 
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where θ is the angle between the electric field vector and the rubbing direction of the LC alignment layer. 
 As can be seen from the form of Equation S2, an analysis of the polarization dependent 
absorption of a macroscopic film is limited to revealing whether or not the b-axis orients within ±45° of 
the rubbing direction – no further orientational information can be deduced due to the film’s mirror 
symmetry.  Fitting Eq. S2 to polarized spectra from a tetracene film grown on glass using ZLI-3417 and a 
rubbed PVA alignment layer (Fig. S1) shows β > 45°, which agrees with the results from crystal shape 
modeling (β = 55.13°), and is consistent with an assignment placing the [110] axis parallel to the nematic 
director. 
 

Fig. S4.  Analysis of an oriented tetracene film on glass / rubbed PVA / ZLI-3417 using polarized UV-
Vis absorption spectroscopy.  The main figure shows spectra acquired at four different polarizer 
orientations, where the indicated angle was that between the nematic director and the electric field 
vector.  The inset shows the absorbance of the lower Davydov component at 527 nm, along with a fit 
using Eq. S2. 
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