
• Croconic acid behaves as a 

molecular ferroelectric 

through prototropism

• Squaric acid is similarly 

antiferroelectric with two 

sublattices having opposite 

polarization
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Schematic of  PVD growth by Thermal 

Evaporation: Lower Substrate Temperature 

(Ts) is maintained by channeling liquid N2 

Rq ~ 30 nm

De-wetting issues

Weaker molecular 

interactions between 

substrate and 

molecular films 

hinder 2D films 

growth
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• Robust deposition technique with controlled nucleation finds application in 

generic organic film deposition

• Towards organic spintronics for energy efficient devices

• Organic system are sensitive to light thereby the area of photovoltaic 

applications seems promising
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• High−𝑘 (high polarization)
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Organic Molecular Systems 

Croconic Acid

Squaric Acid

Experimental Setup

Stored (charge): 𝑈𝐶 = 0׬
𝐷𝑚 𝐸𝑑𝐷

Recovered (discharge): 𝑈𝐷 = 𝐷𝑚׬−
0
𝐸𝑑𝐷

• Free of toxic 

and heavy 

elements

• Low Field 

Switching, 

high Tc

Rq~25 nm

290 K: RT

240 K

Rq~25 nm

183 K

Rq~18 nm

Rq~33 nm

303 K

1 m

Surface Morphologies and Crystallinity at various Ts

290 K: RT

Rq~30 nm

Rq~10 nm

240 K

Rq~10 nm

190 K

303 K

Rq~40 nm1 m
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• Lower substrate temperature (Ts) promotes 

smoother (low Rq) film

• Sample at RT and beyond have rod like 

surface morphologies

• Sample at 183 K have bigger grains

• Out of plane diffraction for (210) peak gets 

enhanced at lower Ts sample

Anneal at 80 C

1 m

Sample grown at 303 K

1 m

Anneal at 50 C

1 m

Sample grown at RT

1 m

Croconic Acid Squaric Acid

Electrical Measurement
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(111)
(201)

(210) • Morphologies shape do changes 

on annealing

• Rod like morphology becomes 

rectangular type

• In terms of XRD not significant 

changes in intensity

• Morphologies shape do changes 

on annealing

• On annealing we see the growth 

in rod like morphologies

• Not significant changes in XRD 

intensity, FWHM do gets 

increased for (002)

(002)
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(210) • Lower substrate temperature (Ts) promotes 

smoother (low Rq) film

• Sample at RT and beyond have rod like 

surface morphologies

• Sample at 303 K have bigger grains

• Out of plane diffraction for (002) peak gets 

diminished at lower Ts sample

Croconic Acid Squaric Acid

Capacitive Behavior/ Dielectric constant can be explored through the non-switching 

part of the loop

Croconic Acid :290 K Squaric Acid :290 K

• Both Croconic acid and Squaric acid has dominant leakage current at room 

temperature on IDE measurement

• Hysteric nature of  polarization can be observed on Croconic acid on polarization 

measurement

Dielectric constant at room Temperature 

• Some of the organic system have 

relatively similar dielectric constant at 

room temperature

• Molecular ferroelectric (MBI, DC-MBI) 

/antiferroelectric system have slightly 

higher capacitive behavior compared to 

polymeric PVDF

MBI DC-MBI Squaric/Croconic Acid PVDF
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