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David Roberts in Climate and Energy
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Source : Internet

Hyperloop
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Space Race
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Next Generation Device Systems
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• Ultra High Performing

• Flexible

• Thin

• Light Weight

• Self  Powered or Low 
powered

• Robust



Robotics, AI, Machine Learning, Data Science

Anmol Behl

Haotian Mai And Caitlin Dawson | August 10, 2020

http://www.kiwidatascience.com/ https://en.wikipedia.org/wiki/Robotics12



Distributed 
Power

Grid Power
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Conversion
Solar Cells, Solar Water Splitting for Hydrogen

CO2 Reduction to Clean Fuels

Storage
Super-capacitor, Li/Na Battery
Alternate Battery Chemistries

Phase Change Materials

Conservation
Solid State Lighting (LED)

Smart Systems

Metal Oxides, Sulfides, Semiconductor QDs
Hybrid & Halide Perovskites, 2D Materials

Dyes, Functional Polymers,
Ionic liquids, gels, organo-metallics

Functional High Surface Area Carbon, Metal Oxides/sulfides, Conducting Polymers, 
Engineered Hetero-junction systems and Interfaces 14



High Tc superconductors, CMR Manganites, Ferroelectrics, Piezoelectrics, Multiferroics …

Very Interesting Structural, Chemical, Bonding, Valence, Orbital configurations

Intriguing phase diagrams and Broad Range of Exciting Property Portfolio
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A : Organic Cation
M : Divalent metal cation
X : Halide anion

Hybrid Perovskites

ACS Energy Lett. 2018, 3, 54−62

Inorg. Chem. Front., 2015, 2, 584-584

AMX3
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Under illumination Under 65% Humidity
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https://phys.org/news/2018-04-perovskite-solar-cells-efficient.html

PCE = 
25.2%
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20Choi and Coworkers, EcoMat DOI: 10.1002/eom2.12084 /eom2.12084



Organic/Inorganic Hybrids

l Easy Processing
l Broad Absorption
l Tunable Absorption
l Flexible
l Easily Moldable

l Low Carrier Mobility 

l High Carrier Mobility
l Intense Absorption

l No Flexibility
l Narrow Absorption

l High Carrier Mobility
l Enhanced Charge 

Separation
l Intense and Broad

Absorption
l Flexible
l Easily Moldable

Organics Inorganics

Hybrids

Solar Cells

Batteries

Fuel Cells

Water splitting Photo-catalysis

LEDs

Super-capacitors

Superhydrophobic / dust resistant surfaces
21
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ACS Nano, 2016, 11, 9776–9786 Energies 2016, 9(11), 861

Emerging Research Directions



Dye Sensitized Solar Cells & Perovskite Solar Cells
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Adv. Mater. Interfaces 2017, 4, 1700562
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TBAB
Tetra Butyl Ammonium Bromide

25

Additive Mediated Solvent Engineering
Few drops of 0.1 m tetrabutylammonium bromide (TBAB) solution in chloroform

Short annealing step of 5 min at 100 °C



PLQE = Kr/ (Kr + Knr)

Films Radiative rates (Kr) Non-radiative rates 
(Knr)

w/o additive 5 * 105 s-1 4.95 * 107 s-1

W additive 1.88 * 106 s-1 4.38 * 106 s-1

PL life time Temperature stability

Kr:  Radiative Recombination Rate Constant
Knr: Non-Radiative Recombination Rate Constant

@ 100 0C

407 nm, 1 micro-J/cm2
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LED Measurements
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Superior photo-stability, Carrier lifetime and PL
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Polyvinylpyrrolidone (PVP) 
Wrapping

B. Li et al. Nat. Commun.
2018, 9, 1076

32

a-CsPbI3 is perhaps the most interesting candidate in this respect due to
its significantly high thermal stability (> 300 C), and the right band gap
of 1.73 eV, essential for tandem solar cells with silicon.

The processing temperature to form the cubic a-CsPbI3 phase is > 300C.
However, it is thermodynamically unstable at room temperature and
gets converted to the yellow non-perovskite d-phase (2.3 eV).

Unfortunately, the a-phase is also highly sensitive to moisture, getting
converted to the d form. Thus, it is a challenge to process the a-phase
at low temperature and disallow its phase transformation at room
temperature.
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Device 
 

Flexible Bias 
(V) 

λ (nm) R 
(A/W) 

D* 
(Jones) 

τr/ τf Refs.  

ITO/SnO2/CsPbI3/Au Yes 0 V 400-700 >0.100  1012 5.7/6.2 µs This 
Work 

Au/CsPbI3/ Au Yes 1 V 530 0.35   1010 - [68] 
ITO/CH3NH3PbI3/ITO Yes 3 V 780 0.0367  100/100 

ms 
[60] 

C/TiO2/MAPbI3/Spiro/ Au (#) Yes 0 V 550 0.0169 1010 200 /200 
ms 

[59] 

ITO/MAPbI3/ITO Yes 1 V 400-760 81 1011 230/280 µs [67] 
Au/PDOT:PSS/MAPbI3/ 

PCBM/Al (#) 
Yes 0 V 300-700 ~100 - 4.1/3.3 µs [58] 

ITO/CsPbBr3/ITO Yes 10 V 442 0.64 - 19/24 µs 
  

[57] 

Carbon/TiO2/MAPbI3/ 
CuO/Cu2O/Cu 

Yes 0 V 350-850 0.56 1013 <200/ 
<200 ms 

[66] 

Ni/GaN (NP)/Pt Yes 0 V 400 0.03 1012 100/100 
ms 

[62] 

ZnO/Spiro-OMeTAD Yes 0 V 365 8X10-4 109 160/200ms [61] 
ITO/ZnO/CsPbI3(NP) 
/P3HT/MoO3/Ag (#) 

No 0.5V 400-700  1012 - [70] 

      Au/CsPbI3/Au No 2 V 405  2.9 X 
103 

1013 50/150 µs [69] 

ITO/SnO2/CsPbBr3/ Spiro/ Au 
(#) 

No 0 465  0.172 1012 140/120 µs [65] 

PDOT:PSS/ 
(FASnI3)0.6(MAPbI3)0.4/ 

C60PCB/Al (#) 

No 0.2 V 300-
1000 

0.4 1012 6.9/9.1 µs [64] 

Au/CsPbI3(NP)/Au No 3 V 425-655 - -

 
24/29 ms [63] 
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J. Phys. Chem. C 2018, 122, 4802−4808
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Device Characteristics for large grain MAPbI3 film
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Material Characterization 

XRD Raman PL
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Molecular Ion Substitution at Anion Site

Chem. Comm., 2014, 50, 9741

Strategy to incorporate electron withdrawing “fluorine” within the perovskite structure

Ø It is difficult to have fluorine in hybrid perovskite structure.

Ø Incorporation of fluorine via organic precursor is difficult because of its small ionic radius.

Ø Incorporation of Fluorine via molecular ion (BF4
-) is possible because of its nearly same ionic

radius as of Iodine.

Ø Ionic radius of BF4
- : 0.218 nm Ionic radius of I- : 0.220nm Ionic radius of F- : 0.136nm 43



CH3NH3BF4 prepared using methyl amine and tetrafluoroboric acid solutions 

Yang Yang and coworkers J. Am. Chem. Soc. 2014, 136, 622−625

Perovskite synthesis protocol
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Pb(NO3)2 + CH3NH3BF4

CH3NH3Pb(BF4)3

(DMSO) (IPA)

Pb(OAc)2 + CH3NH3BF4

CH3NH3Pb(BF4)3

(DMSO) (IPA)

10 20 30 40 50 60 70 80
0.0

0.5

1.0

1.5

2.0

2.5

3.0
CH3NH3Pb(BF4)3_powder_by Pb(OAc)2

CH3NH3Pb(BF4)3_by Pb(OAc)2

In
te

ns
ity

 (a
.u

.)

2q

CH3NH3Pb(BF4)3_by Pb(NO3)2

70 0C

Methyl Ammonium tetrafluoro borate
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Broadband Luminescence

White LEDs
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N-methylethane-1,2-diammine(N-MEDA) 

2,2′-(Ethylenedioxy) 
bis(ethylammine) [EDBE]

Ref. J. Am. Chem. Soc., 2014, 136 (5), pp 1718–1721

Ref. J. Am. Chem. Soc., 2014, 136 (38), pp 13154–13157

(EDBE)PbBr4
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White-light Emission and Structural Distortion in
New Corrugated 2D Lead Bromide Perovskites
Lingling Mao, Yilei Wu, Constantinos C. Stoumpos, 
Michael R. Wasielewski, and Mercouri G. Kanatzidis

51
Ref. J. Am. Chem. Soc., 2017, 139 (14), pp 5210–5215

Ref. Chem. Sci., 2017,8, 4497-4504



Adv.Optical Mater. 2018,1800751
52



(a) System 1 : 1D ribbon perovskite 

[P21/n] – Ethylene diamine

(H3N-CH2-CH2-NH3)8(Pb4Br18) · Br6 

(b) System 2 : 2D twisted layered      

perovskite [Pbcm] - – Ethylene 

diamine

(H3N-CH2-CH2-NH3) (Pb2Cl6)

(c) System 3 : 0D dual octahedral 

perovskite [Pnnm] Piperazine

(C4N2H12)4(Pb2Br11) · (Br)(H2O)4

Structural Study
(Single Crystal XRD)
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Photo-Physical measurements 
(Diffused Reflectance Spectroscopy and Photoluminescence) 
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Raman Spectroscopy 
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Cystamine-configured lead halide based 2D hybrid molecular 

crystals: Synthesis and photoluminescence systematics 

[Daylight]

[Under 
UV lamp]

APL Materials 6, 114204 (2018)56



Photo-Physical measurements
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Angew. Chem. Int. Ed. 2018, 57, 7682 58
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Synthesis of the 1D benzidine lead iodide (Bz-Pb-I) hybrid perovskite (C6H9I3NOPb) 

Synthesis of the 2D butyl ammonium lead iodide hybrid perovskite [(C4H9NH3)2PbI4/BA2PbI4] 
and 3D methyl ammonium lead iodide hybrid perovskite (CH3NH3PbI3/MAPbI3)
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