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ABSTRACT
Technological advancement in the area of electronics demands light, bendable, foldable,
conformable and portable devices. In order to meet these requirements, the development is
moving towards flexible and stretchable solutions. Literature reports various conducting
nanomaterials for creating the conductive paths in film and fiber configuration. Fibers are
mechanically stronger and more flexible compared to films for their use in various

applications and they could also be integrated into textiles.

Silver nanowires (AgNWs) are a promising candidate for making flexible and stretchable
electronics due to the highest electrical conductivity of silver in its bulk state. In the present
study, synthesis of AgNWs using template-less approaches has been studied. AgNWs with
aspect ratio of ~164 having diameter of 55 + 9 nm were synthesized following glycerol
mediated solvothermal method. The dispersion behavior of isolated and wet AgNWs in

different solvents namely, ethanol, acetone and dimethyformamide was also investigated.

The incorporation of wet AgNWs in electrospun fibers through electrospinning was explored.
PVA nanofibers having uniformly distributed, well aligned, and highly inter-connected
AgNWs were electrospun. Using this approach, a very high amount of nanowires (up to 34.5
wt%) could be successfully incorporated into the nanofibers. The incorporation and
alignment of AgNWs was attributed to the interaction of AgNWs with PVA and the
polarization of long nanowires during the electrospinning process. A free standing, highly
conducting nanoweb was fabricated with conductivity of approximately 654.85 S/cm. These
conductive nanowebs are of interest for a number of electronic devices such as sensors or

energy storage systems requiring flexibility and high surface area.



A new approach for making stable, flexible and conductive hollow fibers using dry-jet-wet
spinning technique was investigated using poly(acrylonitrile) (PAN) as the polymer. The
inner surface of the AgNW-PAN hollow fibers was deposited with AgNWs using its
dispersion in the bore fluid. The bore fluid was found to play a crucial role in determining the
morphology and flexibility of the hollow fibers and entrapment of long AgNWs on the inner
walls. Highly conducting fibers with conductivity of ~10* S/cm could be obtained with the
use of ~2 wt% of AgNWs. Using the above approach, highly stretchable, flexible conducting
hollow fibers were also solution spun using intrinsically stretchable polyurethane. The
influence of AgNWs concentration and bore fluid flow rate on the conductivity and
stretchability of the hollow fibers was investigated. These fibers showed very high
conductivity of ~1.52 x 10* S/cm at a very low concentration of AgNWs dispersion (~0.46
wt%). They also showed good retention of conductivity even at 100% strain, which remained
stable with repeated cycling. These properties were mainly attributed to the deposition of
AgNWs in the form of three distinct layers, namely embedded, anchoring and topmost

AgNWs clusters.

Finally, the feasibility of the spun conductive hollow fibers as an electrode material for
flexible supercapacitor was explored. The conducting fibers were successfully assembled
into coaxial configuration to yield highly stable, flexible supercapacitors with capacitance
value of 128 F/cm®. The unique morphology of these conductive hollow fibers opens the

possibility of making flexible and stable devices for wearable electronics.

The work discussed in this dissertation conclusively showed the significance of the
preparation of desirable nanomaterials and the design of effective nanostructured electrodes
for supercapacitor energy storage applications.
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gAFCldd & &1 H dehellehl 3oeild, §olch, TshId, 3MMhfd 3ET 3R Fgeg
3NN T ART BT 81 FoT HTEAIHAN Bl [ A & v, faeprg ool 3R
daer Aoy A i 3R 9¢ W@ &1 e 3R B FifchRed & yagdh
9 61 & [ Higed affest Aal- ASRIed & ROIC A1 §1 1, oAt &
Jolell & d9ad §9 § Aoy AR 34 ol gl & HROT Affes srequamen A
3T fhT Sd § dW 9 F@E A TRRd M @ dhd &l
oId Aelard (AgNWs) 310= dleh 37/aeT # °idr & 3wdad fdegd aroshdl &
$RUT ol IR araaeg seaciiaad dd & foU Teh 3MReds 3FH6aR &l
IAATT T H, TFIIC-HF TOCHIT T 3TN o T AgNWs & HLelsoT
T HEATA TR T & TorRier HEITYAT arel FedydAe afr & e 55 +

9 nm & AW Tl ~164 & Uge| Ui & AT AgNWs HAfT fhe arw &
HAIT-37elT Hieded S Uelel, THIS 3R SEfAUES ®iFAASS (DMF) # g2
g M AgNWs & Shelld sadgRr &1 St oY &7 3135

SoFeITATAdT & HAEIH H Solgeddd I H el AgNWs & THEAL &I Idr
SEIRT a7 §1 AgNWs &I PVA & 3ifaged 1 # @A &7 § fadRa, diddeg
3N HARF HTWER o3 U II7 1| H EOCHOT H IUANT A g,
AR H Th FgA I AT (34.5 wi%) F TRAAISH AAGRE H AfH
frar ST @l AgNWs & faerea 3R @@or &1 PVA & @ AgNWs & d9
3R golFfedfaar gishar & aRe ofd dAlaad & gdieor a1 47 fear | us

Tadd, TS ATeld o1 654.85 S/cm HT IATIhdT & TTT A IS I-™AT



A A YAEHT A FS W ol YUl & fav femer § e
gonfardl A el 3R 3Ta ddg 817 & MaeTHhal gidl & S Ha AT Fofl
HSRUT|

ST-SC-dC Hdlg doheileh HI 3TINT HFleh W, ofdiel AR yaghg ar@ge Qo
ol & foIT Teh AT TfeHIOT & 39T F drell (TshelllgSel) (PAN)ag?W@r
S $r TS| AGNW-PAN @@l ®IssR I 3dRe Tdg s gd H had &1
ngAgNWsa:mamﬁmé%m dI3R gd FI W BB Hl
I AT, el 3R HARF Jart W o AT T AgNWs & hare &
HgcaqOT ${fAFT Iaelihd g5l AGNWs & ~2% & 92191 & ~10" S/cm &Y drersh
& |y 3oa afod a3t # gred [RAT S Fe| 39ded TREHIOT FT 39T, 3T
el A9Y, dRS T § GG ad GARRAT HT EAAT A §T HTelT
e AT WE, BB H AT & v fFar am AgNWs i wepmarar 3iR

TE BEa & Ydighecd W TA8 gd WAl &I I THG SId L [oldr I=am| 3o

WER A AGNW & helrd (~0.46 wi%) & dgd & THEAT H ~1.52 x 10°
Sicm & Sgd HfUF Arerhcr fe@rly | Iegiel 100% T G oY AR
3reeT gfaurer fe@rar, St asfdeer & @y R @1l g ol @ 7&g &9 4
AgNW & it 31eTeT-37e9T ORdl, 37T T3S, UahReT 3R @@ FW & AgNWs

FAEY H AT gl FT goig I 9rAT Im|
3 #H, el gRHAAR & AT golacls AHM & &7 & Jaghd TEd BgsR

H IGRIAT FH Tl RN IAT| ATl BIBEL H Hboldqash FHETT

HIehaNeAT H gl fhar ar=m a1, S 128 Fiem® & A Hed & AT JAUH



e, orefiel AR 3c0ewt o €1 377 TAEHT WS FEH F IfIAT
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