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Janus	Gold	Nanowire	Electrode	for	Stretchable	Micro-
Supercapacitors	with	Discriminative	Capacitances†	
Tiance	An,	‡ab	Bowen	Zhu,	‡ab	Yunzhi	Ling,	ab	Shu	Gong	ab	and	Wenlong	Cheng	*ab	

Micro-supercapacitors	(MSCs)	have	drawn	tremendous	attention	in	the	past	several	years	for	their	applications	in	powering	
microelectronic	systems.	Typically,	bulk	metals	or	carbon	nanomaterials	are	used	for	MSC	electrodes,	but	either	side	of	most	
of	 these	 electrodes	 possesses	 the	 same	 isotropic	 structure.	 Here,	 we	 report	 on	 stretchable	MSCs	 based	 on	 patterned	
enokitake-like	vertical	gold	nanowires	(v-AuNWs).	Different	from	previous	MSC	electrodes,	the	Janus	v-AuNWs	can	have	
their	“enokitake	head”	or	“enokitake	tail”	exposed	to	electrolyte,	leading	to	head-exposed	MSC	(H-MSC)	and	tail-exposed	
MSC	(T-MSC),	respectively.	The	H-MSC	reveals	higher	capacitance	under	small	scan	rate	but	experiences	obvious	decrease	
under	 increasing	 scan	 rates,	 due	 to	 better	 conductivity	 of	 closely	 packed	 gold	 nanoparticles	 but	 less	 ideal	 ion	
accumulation/penetration.	 In	 contrast,	 T-MSC	 with	 separate	 nanowire	 structure	 which	 is	 favorable	 for	 ion	
accumulation/penetration,	exhibits	perfect	rectangular-shaped	cyclic	voltammetry	with	superior	rate	capability	and	cycling	
stability,	yet	able	to	function	under	110%	of	strain	with	negligible	deterioration.	Further	electrodeposition	of	polyaniline	
could	enhance	the	specific	capacitance	to	5.03	mF/cm2.	The	facile	fabrication	also	reduces	the	complexity	of	preparation	
procedures	compared	to	previous	extrinsically	stretchable	designs.	Those	results	demonstrate	that	our	Janus	enokitake-like	
v-AuNWs	hold	great	potential	in	building	future	soft,	stretchable	microelectronics.

Introduction	
Past	 several	 years	 have	 witnessed	 rapid	 development	 of	
portable,	wearable	 and	 implantable	electronics,	with	 recently	
emphasis	on	novel	 features	 such	as	miniature,	 conformability	
and	integration.1-3	This	calls	for	new	technological	solutions	for	
reliable	 miniaturized	 and	 soft	 energy	 storage	 devices.4-6	
Compared	 with	 batteries,	 supercapacitors	 provide	 higher	
power	density	and	much	longer	calendar	life,	along	with	faster	
charging/discharging	 rate,	 lower	 cost	 and	 safer	 operation,	
which	 are	 superiorly	 suitable	 for	 powering	 various	 soft	
electronics.7,8	 Particularly,	micro-supercapacitors	 (MSCs),	 as	 a	
relatively	 new	 branch	 of	 planar	 supercapacitors,	 have	 gained	
tremendous	attention	as	they	not	only	inherit	all	the	merits	of	
conventional	 supercapacitor	 but	 also	 avoid	 the	 complexity	 in	
sandwich	structure	with	separators	so	that	they	can	be	better	
integrated	 for	 on-chip	 applications.9-12	 In	 addition,	 the	 two-
dimensional	 in	 plane	 interdigital	 electrodes	 with	 small	
interspace	 could	 further	 improve	 the	 accessibility	 of	 active	
three-dimensional	 nanomaterials	 and	 penetration	 of	
electrolyte,	 thus	 enhancing	 the	 electrochemical	
performances.13,14	

The	micro-patterned	electrode,	as	an	essential	component,	
is	 of	 great	 importance	 in	 determining	 electrochemical	
performances	 of	 MSCs.	 To	 date,	 metal	 materials	 such	 as	
sputtered	 or	 evaporated	 gold	 are	 mostly	 used	 directly	 as	
current	 collectors.15-17	 Other	 carbon-based	 nanomaterials	
including	graphene	and	carbon	nanotube	were	also	introduced	
while	 they	 could	 serve	 as	 electrode	 or	 combine	 with	 other	
metals,	conductive	polymers	or	metal	oxide.18-24	Nevertheless,	
most	 of	 those	 materials	 mentioned	 above	 are	 isotropic	 with	
uniform	 structures.	 In	 order	 to	 power	 on-chip,	
wearable/implantable	microelectronics,	it	is	ideal	that	the	new	
generation	 MSCs	 possess	 multifunctional	 features	 such	 as	
ultrathinness,	softness,	stretchability	and	even	transparency	for	
non-invasive	 applications.25-29	 Among	 all	 these	 features,	
stretchability	 remains	 as	 the	 key	 feature	 in	 that	 MSCs	 could	
conform	 to	 curvilinear	 body	 and	 maintain	 normal	 function	
when	 being	 severely	 deformed.	 Since	 sputtered/evaporated	
metals	 are	 rigid,	 	 they	 are	 typically	 deposited	 on	 stretchable	
substrates	 as	 serpentine	 interconnections	 to	 connect	 MSC	
arrays	 or	 replaced	 by	 liquid	 metals	 forming	 island-bridge	
structures,	 in	 order	 to	 realize	 overall	 stretchability.30-32	 Other	
stretchable	 MSCs	 have	 been	 built	 based	 on	 wavy-structured	
electrodes	 or	 honeycomb-structured	 substrates	 to	 achieve	
stretchability.33,34	 These	methods	have	been	dominantly	used	
as	extrinsic	designs.	There	are	also	some	intrinsically	stretchable	
MSCs	 based	 on	 laser-induced	 3D	 graphene	 or	 stretchable	
electrolyte.35,36	While	extrinsic	and	intrinsic	designs	offer	their	
advantages	and	disadvantages,	it	still	remains	challenging	to	
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Figure	1.	(a)	Schematic	illustration	of	synthesis	of	H-MSC	(v-AuNW	enokitake	head	exposed);	(b)	SEM	images	of	head	side	of	v-AuNWs	(scale	
bar	300	nm);	(c)	Schematic	illustration	of	synthesis	of	T-MSC	(v-AuNW	enokitake	tail	exposed);	(d)	SEM	images	of	tail	side	of	v-AuNWs	(scale	
bar	500	nm).

construct	 ultrathin,	 conformal	 yet	 highly	 stretchable	 and	
durable	MSCs	

Recently,	one	dimensional	nanostructured	metal	materials	
have	 been	 extensively	 studied	 for	 building	 stretchable	
electronics,	 as	 a	 replacement	 of	 rigid	 bulk	 metals.37-41	 For	
example,	 our	 group	 have	 previously	 prepared	 stretchable	
transparent	 supercapacitors	 based	 on	 ultrathin	 gold	
nanowires.42	 The	 enokitake-like	 vertical	 gold	 nanowires	 (v-
AuNWs)	 grown	 on	 polymer	 substrates	 to	 form	 intrinsically	
stretchable	conductive	elastomers	were	also	developed,	which	
could	 serve	 as	 strain/pressure	 sensors	 and	 electrochemical		
biosensors,	 as	well	 as	 drain/source	 electrodes	 for	 stretchable	
organic	 transistors.43-47	 Compared	 to	 sputtered/evaporated	
metals,	 the	 v-AuNWs	 film	 can	 bond	 firmly	 to	 the	 elastomeric	
substrates	and	also	offer	much	higher	surface	area.	In	addition,	
sputtered/evaporated	metals	 on	 elastomer	may	 possess	 high	
conductivity	but	only	under	a	small	strain	(<5%)	unless	extrinsic	
design	is	applied.	In	contrast,	the	v-AuNWs	can	be	intrinsically	
stretchable	 up	 to	 800%	 strain	 on	 Ecoflex	 substrate	 under	
optimum	 condition.	 A	 conformable	 second	 skin-like	 planar	
supercapacitor	 was	 already	 successfully	 built	 based	 on	 v-
AuNWs	growing	on	preservative	membranes	and	attached	on	
human	hand	skin.48	

Herein,	we	extend	the	enokitake-like	v-AuNWs	to	construct	
patterned	 microelectrodes	 for	 stretchable	 electrical	 double-
layer	 (EDL)	MSCs.	Due	 to	 unique	 Janus	 structures	 of	 v-AuNW	
electrodes,	 we	 could	 construct	 enokitake	 head	 side-exposed	
and	enokitake	tail	side-exposed	MSCs,	denoted	as	H-MSC	and	
T-MSC,	 respectively.	 We	 found	 that	 H-MSC	 exhibited	 higher	
specific	 capacitance	 under	 20	 mV/s	 but	 experienced	 obvious	
decrease	 under	 increasing	 scan	 rates	 with	 capacitance	
retention	 of	 only	 21.9%	 under	 10	 V/s.	 In	 comparison,	 T-MSC	
exhibited	 superior	 rate	 capability	 with	 74%	 capacitance	
retention	under	scan	rates	from	20	mV/s	to	10	V/s	and	better	
cycling	 stability.	 Those	 discriminative	 electrochemical	
performances	 result	 from	 Janus	 structure	 of	 enokitake-like	 v-
AuNWs	based	on	our	analysis.	 In	addition,	 the	as-prepared	T-
MSC	 showed	 remarkable	 mechanical	 stability	 which	 could	
sustain	110%	of	stretching	strain	without	obvious	performance	
degradation.	 By	 electro-depositing	 a	 thin	 layer	 of	 polyaniline	

(PANI),	 the	 specific	 capacitance	 could	be	 further	 improved	 to	
5.03	mF/cm2	albeit	in	sacrifice	of	part	of	stretchability.	

Results	and	Discussion	
Figure	1a	 illustrates	the	 fabrication	process	of	H-MSCs.	The	Si	
wafer	 was	 spin-coated	 with	 a	 thin	 layer	 of	 poly(methyl	
methacrylate)	 (PMMA)	 and	 covered	 by	 an	 interdigital	 mask	
made	by	laser-cutting	machine.	Then	following	a	solution-based	
synthesis	 method	 with	 detailed	 procedures	 described	 in	
experimental	 section,	 the	v-AuNWs	could	grow	where	PMMA	
exposed	and	form	interdigital	electrode	fingers.41,45	The	digital	
photograph	of	as-prepared	H-MSC	is	shown	in	Figure	S1a	with	
top	view	SEM	image	of	v-AuNWs	shown	in	Figure	1b.	As	we	can	
see,	 the	head	 side	of	 v-AuNWs	 consists	 of	 gold	 nanoparticles	
closely	packed	together	that	constitutes	the	integrate	film.	For	
preparation	 of	 T-MSC,	 in	 order	 to	 expose	 the	 tail	 side	 of	 v-
AuNWs,	 we	 followed	 our	 previous	 technique.47	 As	 shown	 in	
Figure	 1c,	 the	 interdigital	 pattern	 was	 first	 made	 through	
photolithography	and	grown	with	v-AuNWs	following	the	same	
solution	 method.	 Then,	 a	 thin	 layer	 of	 polydimethylsiloxane	
(PDMS)	was	 spin-coated	 above	 v-AuNWs	 and	 peeled	 off.	 The	
patterned	v-AuNWs	thus	could	be	transferred	to	PDMS	and	the	
enokitake	tails	were	exposed.	The	digital	photograph	shown	in	
Figure	 S1b	 reveals	 the	 as-prepared	 T-MSC,	 possessing	 clear	
interdigital	 electrodes.	 The	 stretchable	 PDMS	 substrates	 also	
rendered	 the	 T-MSC	with	 remarkable	 stretchability	which	we	
will	discuss	later	in	detail.	Figure	1d	presents	the	SEM	image	of	
the	tail	side	of	v-AuNWs	with	clear	nanowire	structure.	Our	v-
AuNWs	 film	 can	be	 stable	 in	 free-standing	 format	 so	 that	we	
could	 observe	 its	 overall	 morphology	 with	 both	 “head”	 and	
“tail”	 structures	 observed	 simultaneously	 (Figure	 S2).	 The	
length	of	v-AuNWs	is	about	200	to	300	nm,	consistent	with	our	
published	works.47,48	

We	 thoroughly	 compared	 the	 electrochemical	
performances	 of	 both	 EDL	H-MSC	 and	 T-MSC	 based	 on	 cyclic	
voltammetry	 (CV)	 and	 galvanostatic	 charge-discharge	 (GCD)	
tests	with	voltage	set	between	0	and	0.8	V.	Figure	2a-c	present	
the	test	results	of	H-MSC.	As	we	can	see,	the	H-MSC	exhibited
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Figure	2.	Electrochemical	evaluation	for	EDL	MSCs	of	Janus	v-AuNWs	with	head/tail	sides	exposed	(H-MSC	and	T-MSC).	(a),	(b)	and	
(c),	CV	curves	under	different	scan	rates	and	GCD	tests	under	different	areal	current	density	of	H-MSC;	(d),	(e)	and	(f),	CV	curves	
under	different	scan	rates	and	GCD	tests	under	different	areal	current	density	of	T-MSC.

	
typical	 EDL	 electrochemical	 behaviors	with	 quasi-rectangular-
shaped	 CV	 curves	 and	 those	 quasi-rectangular-shaped	 CV	
curves	 still	preserved	under	higher	 scan	 rates.	The	 symmetric	
triangle	 GCD	 curves	 indicate	 its	 good	 charge-discharge	
capability.	 In	comparison,	as	shown	in	Figure	2d	and	e,	the	T-
MSC	exhibited	even	better	EDL	electrochemical	performances	
according	 to	CV	curves	with	almost	perfect	 rectangular	shape	
from	 20	 mV/s	 to	 10	 V/s,	 demonstrating	 its	 superior	 rate	
capability	than	H-MSC.	The	triangle	GCD	curves	under	different	
current	 density	 in	 Figure	 2f	 also	 suggest	 its	 fast	 charge-
discharge	behavior.	 The	 specific	 areal	 capacitances	 calculated	
from	CV	curves	for	H-MSC	and	T-MSC	are	60.8	μF/cm2	and	41.0	
μF/cm2	at	scan	rate	of	20	mV/s	respectively.	The	stability	tests	
were	also	carried	out	for	H-MSC	and	T-MSC.	As	shown	in	Figure	
S3,	 under	 areal	 current	 density	 of	 13.89	 μA/cm2,	 T-MSC	
preserved	92.8%	of	 its	original	capacitance	after	2000	charge-
discharge	cycles	while	the	capacitance	retention	of	H-MSC	was	
unstable	with	 less	 than	 80%	 after	 1200	 cycles.	 So	 the	 T-MSC	
possessed	better	electrochemical	cycling	stability	than	H-MSC.	

We	analyzed	the	scan	rate-dependent	specific	capacitances	
and	electrochemical	 impedance	spectroscopy	(EIS)	 in	order	to	
understand	why	T-MSC	exhibited	overall	better	electrochemical	
performances	than	H-MSC.	Figure	3a	summarized	the	specific	
areal	 capacitances	 calculated	 from	 CV	 curves	 under	 different	
scan	rates	in	Figure	2.	As	we	can	see,	the	H-MSC	exhibits	60.8	
μF/cm2	at	scan	rate	of	20	mV/s,	which	is	higher	than	T-MSC	but	
decreased	 to	 13.3	μF/cm2	 at	 higher	 scan	 rate	 of	 10	V/s,	with	
capacitance	 retention	 of	 only	 21.9%.	 For	 T-MSC	 with	 perfect	
rectangular	 CV	 curves,	 on	 the	 other	 hand,	 it	 exhibits	 41.0	
μF/cm2	at	scan	rate	of	20	mV/s	but	still	remained	30.3	μF/cm2	
at	scan	rate	of	10	V/s.	The	capacitance	retention	was	as	high	as	
74.0%	with	500	times	increasing	scan	rate.	
	

Figure	 3.	 Capacitance	 calculation	 and	 electrochemical	
impedance	spectroscopy	(EIS)	of	H-MSC	and	T-MSC.	(a)	Specific	
areal	 capacitances	 calculated	 from	 CV	 curves	 under	 different	
scan	rates	of	H-MSC	and	T-MSC;	(b,c)	Comparison	of	EIS	spectra	
(from	10-2	to	105	Hz)	of	H-MSC	and	T-MSC	in	the	high	and	low	
frequency	 region;	 (d)	 Schematic	 illustration	 of	 ions	
accumulation/penetration	 on	 different	 sides	 of	 Janus	
enokitake-like	v-AuNWs.	

	
Figure	3b	and	c	present	EIS	spectra	of	both	MSCs	in	the	high	

and	 low	 frequency	 region,	 respectively.	 In	 the	high	 frequency	
region,	the	H-MSC	delivered	equivalent	series	resistance	(ESR)	
of	only	about	73	Ω	which	is	smaller	than	T-MSC	(around	130	Ω)	
and	 also	 smaller	 charge	 transfer	 resistance,	 suggesting	 the	
overall	better	conductivity	of	H-MSC	than	T-MSC.49,50	However,	
the	H-MSC	exhibited	obviously	 lower	slope	than	T-MSC	 in	the	
low	frequency	region	indicating	its	larger	mass	transfer



ARTICLE	 Journal	Name	

4 	|	J.	Name.,	2012,	00,	1-3	 This	journal	is	©	The	Royal	Society	of	Chemistry	20xx	

Please	do	not	adjust	margins	

Please	do	not	adjust	margins	

Figure	 4.	 Mechanical	 stretchability	 of	 v-AuNW-based	 EDL	 T-MSC.	 (a)	 Electrochemical	 capacitance	 retention	 under	 different	
stretching	from	0%	to	110%	(the	inset	photographs	show	actual	electrodes	under	0%,	50%	and	100%	stretching	states);	(b)	CV	
curves	under	different	stretching	states	(scan	rate	200	mV/s);	(c)	EIS	spectra	between	10-2	Hz	and	105	Hz	under	different	stretching	
states	(the	insets	are	magnified	spectra	in	the	high	frequency	area);	(d)	Capacitance	retention	under	stretching	to	100%	for	1500	
cycles,	the	insets	are	CV	curves	(200	mV/s)	after	stretching	500,	1000	and	1500	cycles.

	
resistance	with	 less	 ideal	 capacitive	behavior	 comparing	 to	T-
MSC.48	Combining	the	EIS	results	with	electrochemical	tests	as	
well	 as	 the	 Janus	 enokitake-like	 v-AuNWs,	 we	 propose	 our	
hypothesis	of	the	discriminative	electrochemical	features	of	H-
MSC	 and	 T-MSC,	 as	 shown	 in	 Figure	 3d.	 	 The	 head	 side	 of	
enokitake-like	 v-AuNWs	 consists	 of	 closely-packed	 gold	
nanoparticles	 that	 formed	almost	 continuous	 film	with	better	
conductivity,	 so	 the	 whole	 MSC	 system	 possessed	 lower	
resistance	 for	 charge	 transfer.	Under	 low	 scan	 rates,	 the	 ions	
had	 enough	 time	 to	 accumulate	 on	 the	 surface	 as	 well	 as	
penetrate	 into	 the	 interstices	 between	 nanowires	 and	 thus	
exhibited	slightly	higher	capacitance;	 in	 contrast,	under	much	
higher	 scan	 rates,	 there	 were	 limited	 time	 for	 both	 ion	
accumulation	and	penetration,	therefore,	there	was	an	obvious	
decrease	in	the	capacitance	retention.	For	T-MSC,	the	tail	side	
of	v-AuNWs	is	composed	of	less	compact	nanowires	with	more	
porosity	 than	 head	 side.	 This	 greatly	 facilitated	 the	 ion	
accumulation	 and	 penetration	 into	 nanowire	 matrix.	 Hence,	
high	scan	rate	didn’t	lead	to	reduction	of	capacitances.	

We	 further	 investigated	 the	mechanical	 stability	of	 T-MSC	
by	applying	different	levels	of	strain.	As	shown	in	Figure	4a,	the	
T-MSC	was	 stretched	under	 strain	up	 to	110%	with	negligible	
deterioration	 of	 electrochemical	 performance,	 and	 CV	 curves	
almost	 overlapped	 under	 different	 stretching	 strain	 from	
original	 state	 to	 50%,	 100%	 and	 back	 to	 0%	 (Figure	 4b).	 The	
outstanding	 stretchability	 comes	 from	 the	 uniform	 crack	
structures	 that	 formed	 under	 stretching	 states	 as	 shown	 in	

Figure	S4,	which	is	consistent	with	our	previous	report.47	Given	
that	no	extrinsic	designs	were	applied,	 the	stretchability	of	T-
MSC	 is	 comparable	 to	 many	 previously	 reported	 stretchable	
MSCs	 with	 extrinsic	 designs	 such	 as	 island-bridge	 or	 wavy	
structures	as	listed	in	Table	1.30-33	Also,	note	there	was	a	slight	
increase	in	capacitive	current	as	the	strain	was	applied	(Figure	
4b),	which	might	be	due	to	increased	surface	area	as	a	result	of	
un-zipping	gold	nanowires	enabling	more	gold	surface	exposed.	
From	EIS	 spectra	 under	 different	 strain,	 the	 equivalent	 series	
resistance	as	well	as	charge	transfer	resistance	remained	in	low	
level,	 while	 the	mass	 transfer	 resistance	 almost	 stayed	 same	
(Figure	4c).	We	further	evaluated	the	durability	of	our	T-MSCs	
by	undertaking	stretch-release	cycling	tests	at	100%	strain,	as	
shown	 in	 Figure	 4d.	 Cyclic	 voltammetry	 revealed	 only	 slight	
changes	 after	 500,	 1000	 and	 1500	 cycles	 (Figure	 4d	 inset).	
Further	 calculation	 of	 capacitance	 shows	 a	 preservation	 of	
91.4%	of	the	original	capacitance	after	stretching	under	100%	
of	strain	for	1500	cycles.	

As	described	above,	v-AuNWs-based	T-MSC	exhibited	ideal	
capacitive	 behavior,	 high	 rate	 capability,	 high	 intrinsic	
stretchability	but	 the	specific	 capacitance	was	 low.	This	 could	
be	 improved	 by	 electro-depositing	 PANI	 to	 provide	 pseudo-
capacitance.	 As	 shown	 in	 SEM	 images	 in	 Figure	 S5,	 after	
electrodeposition,	 the	 v-AuNWs	 film	was	 covered	with	 a	 thin	
layer	 of	 PANI.	 According	 to	 CV	 curves,	 the	 areal	 specific	
capacitance	was	significantly	increased	to	5.03	mF/cm2	at	scan	
rate	 of	 20	 mV/s	 (Figure	 S6a-c).	 This	 was	 about	 120	 fold	
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enhancement	 compared	 to	 41.0	 μF/cm2	 for	 T-MSC	 without	
PANI	 electro-deposition.	 However,	 the	 enhancement	 of	
capacitance	 is	a	 trade-off	of	 stretchability.	Although	PANI	has	
been	widely	used	 in	many	supercapacitor	systems	as	pseudo-
capacitance	materials	 to	 increase	 the	overall	 capacitance,	 the	
PANI	 itself	 is	 not	 stretchable.	 The	 enhanced	 capacitance	 is	 a	
tradeoff	 of	 the	 overall	 stretchability.48,49	 In	 our	 system,	 with	
PANI	electro-deposition,	the	capacitance	retention	is	only	about	
43%	 when	 a	 50%	 strain	 was	 applied	 (Figure	 S6d).	 From	 EIS	
spectra	 in	 Figure	 S6e,	 we	 could	 also	 see	 that	 under	 50%	 of	
strain,	 the	 resistance	 increased	 both	 in	 the	 low	 and	 high	
frequency	region	which	due	to	large	cracks	of	electrodeposited	
PANI	 film	 (Figure	 S7).	 On	 the	 positive	 side,	 the	 PANI-
electrodeposited	 T-MSC	 could	 recover	 to	 its	 original	
capacitance	 when	 the	 stretching	 strain	 was	 removed.	 With	
2000	 stretch-release	 cycles,	 the	 T-MSC	 with	 PANI	 could	 still	
remain	its	capacitance	with	negligible	degradation	(Figure	S6f).	
This	outstanding	performance	might	be	due	to	crack	repair	of	v-
AuNW/PANI	film	upon	strain	release.	

Conclusions	
Enokitake-like	 v-AuNWs	 could	 be	 patterned	 into	
microelectrodes	 for	 MSCs.	 When	 the	 enokitake	 head	 was	
exposed	 to	 electrolyte,	 the	 closely	 packed	 gold	 nanoparticles	
with	 better	 conductivity	 result	 in	 higher	 capacitance	 under	
small	scan	rate	but	less	ideal	capacitive	behavior	under	higher	
scan	 rate	 due	 to	 incomplete	 ion	 penetration.	 When	 the	
enokitake	 tail	 was	 exposed,	 the	 separate	 gold	 nanowire	
structure	 could	 facilitate	 the	 ion	 penetration	 thus	 exhibited	
superior	 electrochemical	 performances	 with	 perfect	
rectangular-shape	 CV	 curves,	 outstanding	 rate	 capability	 and	
cycling	stability.	In	addition,	the	T-MSC	possessed	high	intrinsic	
stretchability	 with	 almost	 no	 capacitance	 degradation	 under	
stretching	strain	of	110%.	PANI	electro-deposition	could	further	
improve	 the	 specific	 capacitance	but	 it	was	a	 trade-off	of	 the	
stretchability,	 which	 need	 optimized	 designs.	 Our	 results	
demonstrated	that	the	enokitake-like	v-AuNWs	with	interesting	
Janus	electrochemical	characteristics	hold	enormous	potential	
for	building	versatile	future	soft	wearable	microelectronics.	
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