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Background Conclusions

Low-cost elect_ro-optical devic_es with fast, easy controllable ar_ld simple operation mec_hanisms are hig_hly desirable for g o relatively simple and effective technology for producing uniform electrospun nanowire based electro-optical devices
future generations of smart window technologies. There are different types of smart window technologies, for example

thermochromics, photochromics, electrochromics, gaschromics, reflective metal hydrides, polymer-dispersed liquid
crystals, gel-glass dispersed liquid crystal and dipole particle suspension (DPS) (also called suspended particle § alignment parallel to electric field depending on the NW diameter, thus showing the potential possibility to regulate
devices). From these solutions, the DPS devices allow great control of the transmittance of solar radiation and are also

relatively simple. Transmittance in DPS devices can be regulated electrophoretically by applying an electric field to
nanowire-containing active layers between the two planar transparent electrodes. automobiles in the future. Used methods - electrospinning and high shear mixing can be easily scaled-up to volumes

Objectives

* Obtain uniformly dispersed TiO, nanowire dispersions in viscous PDMS matrix.

« Establish the NW diameter and electro-optical effect relationship by transmittance measurements on the electrospun
TiIO, nanowire suspensions in PDMS matrix.

« Explain origin for observed electro-optical behaviour. of light transmittance by the proper engineering of nanowire diameters.

IS demonstrated. For the first time either positive or negative changes (or both) in transmittance can be induced by NW

visible or even infrared transparency, and reducing energy consumption by air conditioning systems in buildings and

used on an industrial scale. Experimental results shows, that the negative change in transmittance can be induced due
to light confinement between adjacent aligned nanowires. Experimental findings reported here are important for smart
window applications or to predict properties of advanced composites where nanowires are suspended in optically

transparent medium. Overall, it was concluded that electro-optical devices can be created that enable selective control

top electrode
O 0 — _ 3 o — _ Glass support for ITO planar meaSU rement
High shear mixer | '
v e » % electrode
s B 4 ITO planar electrode
nanofibers || | || support . PDMS -~ \ — : .5
\ | L & - '\ . | < Seperator | ,
Precursor || ||| rotating S _ | A 4 B
mixture \| /] electrode —_— \ o —_—> 0.94°, T, - — PDMS/TI02 nanowire 1 2 3 o 6 7 6 8
e - |/ i 4 &7 |suspension g \ 2-? . N
Nanofiber | <7 | [ A A &< —ITO planar electrode L — -
S| mats I — e - r “‘“ Glass support for ITO planar electrode | [l _50mm | f=35mm _ £=50mm _||/20mm
Suspened 1D particles Suspened 1D particles l ] TT H7
Suspension liquid film Suspension liquid film
\ / \ . Schematic representation of the setup wused for
'To f—:’ 'To o —= — 1 transmittance measurement at +2.5° collection angle. 1 —
\__'7__’_\ ::—_ optical fiber connecting white light source and collimator
’__-(}__’ - _— lens via SMA 905 connector, 2 — diaphragm @ 3mm, 3 —
’\":..\ — sample that is being measured/characterized, 4 — wires
__\{\,\-_-} E—_: through which the voltage.is applie.d to thg sample, 5 — AC
= Pull —— v?ltage generator, 6 — high quallty optlFaI lenses, 7 —
i"’:_{ —— diaphragm @ 3.056mm, 8 — optical cable with 600 um core
N\ = T diameter, connecting spectrometer and collimator lens via
Annealing Electric field OFF Electric field ON SMA 905 connectors.
at 500°C | = _ [ ==
Cross-section of sample cell
? a) 12004 £ AnataseTiO, ICDD 00-001-0562  b)
1000 - ”
| -
,"é‘ 9 800"
B >
_e g 600 - 8 :
© 19 E ) ' g S B~
Eg 819 1g . £ 400~ = 'y gv
&\ w 200
RS O e TR = O
100 200 300 400 500 600 700 20 25 30 35 40 45 50 55 60
Raman shift, cm™ 20 (deg.)
SEM image of TiO, nanofibers annealed at TEM images of the TiO, nanofibers annealed at 500 °C for 3 h. The Raman spectrum (a) and XRD pattern of the anatase TiO, electrospun nanofibers
500 °C for 3 h. annealed at 500 °C for 3 h.
30 b (b) 0
_ S
(a) 25 - 1" '——30s
= | 054 ——60s
= ——90s
5= &
s 20 Q 8 ——120s
S - & § 94 —180s¥
@ = = = | ——240s
= ' = = \
S 10- 2 e 0.3\
S - L o
N — — SN
Qo 5
< 0,2
L e e i L A S S R S R 0 e e e ——240s
300 400 500 600 700 800 900 1000 O 50 100 150 200 250 300 350 400 450 0,3 1 : : : : : : 0,1 . , . , . , .
A (nm) d (nm) 500 600 700 800 900 500 600 700 800 900
20 . Co . : : :
(b) Diameter distribution for TiO, nanowires obtained AAnm) % (D)
' from solutions with different precursor conc. 0,5 ©) 0,5 (d)
15- 85 : - . ]
) -OO‘ A-25 m \/
N’; X 804 O /) o 0.4 - 0.4 -
o i b : O
£ S S C1 TN
= o 4 O ® . ®
s / 15 = = 031 " £ 03-
5. = 55 0 2 ——240s
£ A o = c - s = ! 1 ——180's
S 60- -10 =k . » B i ——120s
o D = i = 1 ——90s
0 P - ™" T T T 7T 7" :55_ 9.- 0,2 — 505 0’2 060 s
20 22 24 26 28 30 32 34 35 38 40 .g | & L5 5 _ " :1583 . .
The diffuse absorbance (Kubelka—Munk function) 45 104 olo ~ 0.1 — e W 0.1 v —— 1 7T
: . : ) LI LI D BT WL S e L N I L B 500 600 700 800 900 500 600 700 800 900
UV-vis absorption spectra for TiO, nanofibre mats 0, 0,1 0,2 0,3 0,4 0,5
(a) and Tauc plot of (ahv)?2 as a function of photon NW concnetration in PDMS (wt%) A (nm) A (nm)
energy (eV). Changre of initial transmittance and electro-optical Evaluation of transmittance during TiO2 nanowire orientation for fibres with different average
effect by changing NW concentration diameter: (a) 75 nm, (b) 150 nm, (c) 190 nm, (d) 260 nm.

ACKI‘I OWIEdgements: Authors kindly acknowledge for the financial support by the Estonian Research Council to the post-doctoral research grant of personal research funding in project PUTJD29.



