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Mitochondria Mimic Energy Device Based on Ultrafast Proton Conduction Polyelectrolyte
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In this study, we construct an energy storage device that mimics the energy production system
in the mitochondria. It is well known that adenosine triphosphate (ATP), energy of our living
cellis produced using proton concentration gradient between inner and outer area of biological
membrane. Efficient proton conduction through the biomembrane surface is one of the key
processes to produce ATP. Thus, mimicking the proton conduction at the biomembrane surface
enables to produce efficient energy devices. We have found that the interlayer of polymer
Langmuir-Blodgett (LB) multilayer film has a chemical and nano spatial structure similar
to that of the biomembrane surface. Thus, in this study, we fabricate polymer LB film proton
electrolyte, which can be apply as a solid electrolyte for energy devices. The polymer LB film
was constructed using copolymer of dodecyl acrylamide and acrylic acid. The copolymer with
acrylic acid content of 49% form a stable monolayer at the air-water interface. We fabricate
the LB film polymer electrolyte by depositing the monolayer to a solid substrate. The proton
conductivity of the LB film exhibited an order of 102 S/cm, which is comparable to state-of-
art Nafion membrane. In general, strong acid is used as a proton source to achieve high proton
conductivity. The high conductivity of our weak acid (carboxylic acid) based polymer LB film
electrolyte indicates that an efficient proton conduction occurred at the interlayer of the LB film.
Furthermore, we construct a planar energy storage device that uses the proton concentration

gradient between the positive and negative electrodes for charging and discharging the electrons.

HRERN

AR TIEI M T2 B 7 OAMKBEANTHD
AT HOND ZANF—HEREY AT L2 B L7z
BEHTNA AR Do HRFEIRI PR
D TAAAETS B IRE IR & FRR AL -
ZE[E R % 7R § 7890 T Langmuir-Blodgett (LB)
IRrE A 2 &N 78 b B EIRT T v
PV ELTECHFE RWELz, £ 2 TR
TIEZom 70~ MR E s LB 2 G E

EL. I RYTERRMBIITE b R
IZHEDL T ANF =TS ZAZBHEST L, I
FCIbarrYTTRTE N CAIRE ST
TEFLHINC 2 > TRYFAI %k S b 2 & TATP
AFEIZL T 70 b VIREABRL R TR ST
LI EPIRBEINT NS, RAIZZDOREZ 5
TN B 2R3 7 70 b ks H
LINZEMT S THLRIALT— TN
A A% TELEEZ v D72, BARK
i AR A A T 5 B4 T LBIRAR

— 317 —



Annual Report No.36 2022

@k E HwicE s FERE AT 52 LT,
T by — AL LTHEEO VR Y ERE v
TWBIZH 2D 531028/ cmll FoE 71 b
M aFEH L. 8612, ZO8ER7TH b
YEMEE R, E-ABETo 7O o
AL E A L CHRNEZ AT ) Fsd 7 o b
YEEBTAAEBETLHEEHNE LT,

B =

1. L&l
ETOERDOTANF - THDHATPIZI b
Y R TIEBT L FENA O 7T b
BB A BRI & L CTHEE SN TWD, ART
(38 2 OB IRER S & v o 721~2
WICDF /2% 70 b AMBEF v Ve LT
HuwE# 7o b ke EH LT, 22T
F 4 1L, Langmuir-Blodgett (LB) 2K S %
2UTCF /22 % R L 72 ol s o 1 R g
BB AME A DT E T, FRL-ES T
T/ Y= Ma, IRER S & E R L
Tu by —AL LTHEERO NIV VBT Fv
TWBIZE 2030 63 B ER O Nafion & [F] %
D102 S/em &) EWT T b AEERE E IR L7z,
CAUSNRE ISR &[RRI S BB L 722Kk
TEKFAEE S Y NI =2 R Tk
ZAbND, EHIEGTF /- MEEEE
% FCREREBEUC LG L Crsfi 7 b ik
RIRNT 2IRICZEM % 3IRTCICEEFE T 2 A%
k5o bbb, FRERSEE V) 2R ITTBIR
R EEMBANEERT2HE S TE L, 22T,
KL TIRE ST F /¥ — MR AR
CEPOFEmET T b VR R R R A —
IN—=F v XU Y ORERERE L LB L7z,

2. RBR
G9EEVER > Tp (DDA/AA) (IX1) 1%, BE#HUC
EDEARL 720 AADEFEIZTLHESIIC &

D 49mol% & g L7z SIS AR S
272p (DDA/AA) % LB % AV CHiTZ G R
WCHEE L. TOmEELY 4 v =5 AHlE
MLV g L. /2, EEMT— T2 8
R=A M2 R 1) 720 2582V EH A
) 7 RNVE A N) —HlEIX KT ra
A% b (ECstat-400, EC7H ¥ 7 1 7 ) % H\w»
T, i, SARRESRMST CEMBL 2. WE
W EREREmE L, 2 diEE L 0%
HREMm L L TITo 7

3. BREER
3.1. ZRERORFIEFTE

p (DDA/AA) 235K G C % 78 70 B3I
RIS B A FE - TR R SR IRAEE & 0 A
L7z 2 CHRMEX40mN/mIZBRH, H
T EASEAR EIC LB X D AERE L 72,
w2 Y — MEE GO % XRDHIE
WZENHERR L2 2 A, q=1.63¢3.32nm ! 128
WT'T oy ZEELAYEL S 4L, p (DDA/AA) D%
[EBIE BRI DT X TR EZ LR L TnWb I e
DIRBE NIz, 62, WL —2 v e 7))
YIUNBNIZZ LS. SRIEOREHE
S R O 2 L SR X7z,

3.2 RUR—F/2— A /AX—/\—F+
INTZDMERE
R)~—F /T — MeBEREMREE LTHY
N~ A 7O A —8—F ¥ )N F DF ¥ /8
YHREERYA 2 v 7RV Y U A B —(CV)
W X DG L7z, KI20E, B2 B

{CHCH)—taHzCH)
1-n n
C=0 COOH
NH
(?Hz)”
CHs

X1 p (DDA/AA) DILZEEE

— 318 —



The Murata Science Foundation

GIREETHIE L72CVA — 7 ZIRL T 5, CV
71— 7 DE LRI RIE, BRI
THEERBRHEAREL WL, O EHE
X, BEToO7O N OBEICL > TER SR
725D THAH, HNVA 7T A—8—F x5
Z O E (CA) X, CVORER L VT, L
ToXzHWTHE L,

1 Vf
2XSXUX(Vf-Vi) fVi I(V)dV

CA=
CC T, SITEMDA R EA, vILELRFTGE
£, Vik VAZCVIIFR ORI B L ORACEIE (Vi
=0.Vf=08V). I(V) IR N¥ * M) —FEHLT
Hbo BOTEIZIT A 27 VOB OREIHY
T5, CCTEBOEIKLY ZD120.738cm? &
Hihahiz, TNOOEE WL HETHNA
ZUA—/N—F v /8 ¥ OB EAEEIL. 33F/
cm? (1 mV/sec) 7°5 2.8 F/cm?100 mV/sec) @
HPHTHo72 (FEo ZOfHIZ. 1 — K EM
WA 7O A—IN=F )XV FDELY

1x10°®
—— 1mV/sec //]
—5mV/sec
—— 10mV/sec / J
——50 mV/sec /
5x107 | [ ——100mV /sec
<
T 0
=
=]
&)
sxto” [ [ 7
g
-1x10°®

c.' 012 OI.4 OI.G OI.B 1
Applied Voltage /V
X2 p (DDA/AA) ZEMHERE LT HFEEF v/ 2D
CVEh#R

R FEREF v/ 2OHARE

a5 |4/ my sec-! PR / uF em?
1 33
5 16
10 7.9
50 3.6
100 2.8

L3HTH /NS, ZONSHEHRAEOEBO
120k, R)~—F /v — NERBIED )%
U b AREETH D, SRR BRE T
WIEHARECTH D ZD720, BARO BT 5
SLAEBIIEFG LeV. 2O R, BHF
F/ Y- MOBBEPEEELYRET HHEY
RLTW5S, REFFETIE30/ (60nm) OFEEEL
THHVE) ZRERETLZ LT, THIEn
HEREVNEHTEILLEEZT0D,

4. T8

Wi 4B & Ho 17/ ¥ — MR EE K
BREAEX AT, MA~YA 7B A= 3—F
INVEERER LTz A 7T A—78—F ¥ /8y
5 OCV IR IZ IR A R L, BAR L ICE
SALFZER SR S, BRAEK SN
TWbHZ EHIRESNZ, 100mV/sec T2.8F/
cm?DOFF B = H NI,

LT -

— 319 —



