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BERT FS-n-OFILVPVEZOLBEZISA
L— N1 FL— FDOERIGE
Brs BT, BE O BR R T OB

20254 9 A 29 B%ft, 20254 10 B 16 HZE

IZFAL—INA FL—1 (SCH) &, EE MR AV —IEMEE Lo HsHIfEsh
TWh, RifA v E=F v AFICED, fkcrhT7 =% V% &4 NSCHO BA M ER 2 2 L,
BLAIZEIC RIS 7= VHOBEZH S, L. BXAUEEICEETLIHNTOY S, (ZEFY )7
Thsb7u b yORENEL L TERMEEZRESEZR L. —HT, 7a by OuHREE B3
% KT OFEIAER BRI EEICHET 2R T CTlEd 205, TORBIIHIMISNS 272 Th
5 OKERIL, SCHOKERE SR Y T —2ZNTTO b VikERZEOLOORMIEKZRET 5 &
PEEKUZERZ HO L FTEELEZHE R L TWL I EEZRL TV,

Electrical conductivity in single-crystalline tetra-n-butylammonium salt
semiclathrate hydrates

Riko Tsugaya, Jin Shimada, Takeshi Sugahara, Takayuki Hirai

Semiclathrate hydrates (SCHs) are crystalline inclusion compounds that hold promise for applications as
conductive materials and energy storage media. Electrical conductivity of single-crystalline SCHs with various
guest anions has been measured using electrochemical impedance spectroscopy. We have revealed the effect of
anions on the conduction: differences in conductivity between anions are not attributed to the reorientation motion
of water molecules (related to the diffusion process of protons as conduction carriers) but rather to variations in the
concentration of protons. These findings indicate that defect formation, to increase the proton concentration in the

hydrogen-bonding network of SCHs, plays a critical role in enhancing electrical conductivity.
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Semiclathrate hydrate, electrochemical impedance spectroscopy, proton conduction, single crystal

1. [FL&IC

t3IZ5AL—kNnA FL—1} (SCH) &%, Ko+
UM = D3PS E NS WA O—HTH
. KogFEMrTHEZEEL, €ORICT AN FF
VAV EN S (Shimada et al., 2005; Muromachi et al., 2014;

Rodionova et al.,, 2022). —#BO KRG Tidxt 7 =4 » 2@
Xz 5N B, SCHIZ, iceThk ) BVEGIEEREZIRL
(Lee and Kang, 2021; Glen and Paren, 1975; Stern et al., 2021;
Shimada et al., 2023), &\ ELRIRZERE L FFOBREMRE L
LT, 2y y7REZS) Y TBARICHFHTE 158
D33 5 (Kim et al., 2022; Kim et al., 2022) .
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N F TllOopallob ik, Kex 7 XA b4 F v 5K
SN B LA SCHO B ARG R RN HE L T& 2
7% (Borkowska et al., 1996; Opallo et al., 1997; Prokopowicz
and Opallo, 2001; Opallo et al., 1994; Opallo et al., 1995;
Prokopowicz and Opallo, 2003; Opallo and Prokopowicz,
2000) FX )T A REEREE S L ko

LA MSCHOBAmEHIL, WA, SR, #BeE
MOEEZZ T 2RSS, FEIHMETHL. L
oo T, HlLwru b MREREHET L7290, HD
WIFE=S ) YT THEEEEAT 5720120, e h i
R ERSCHIZ B 2 HOREHAE 2 B 2 Z &L AWK
THb. ZOHEITH L, HE, Dtetra-n-butylammonium
bromide (TBA-Br) SCHZ X[ R IZBELXILFA v ¥ — 5 Al
& (EIS) #4792 & T, SCHOF ¥ )7 A4+ 371 b
THhbT & %75 L7 (Shimada et al., 2023). F 72, Brofi
CEFEEELRT =4 VHOBELRLERZWEL, SCHOIR
BAHZ AN T 2HBPRT N OOH 5.

AF5TIE, TBA-Br, TBA-CI, TBA-F SCHIZ/IZ T, TBA-
OH SCHD /T 4 FRSCHE 3R 7% 58 A 4 MR8 2z
S (Shimada et al., 2024) I2DWTHEN 5B, & 512, BIFE,
HNVEFYT— &2 T =A ¥ & L7z A SCHO (R
A EDTEY, ZhE THE LKA DfllER Rz
DS, B SR SCHO ARSI & £ OB IZ D W T
¥ 5.

2. SCHOIGEF+UTP EXKFFDIALFZTRX

2.1 BERSCHOERIGERAIESE
SCHIZBIF A REF v ) 72 W5 02T 572012, H
A b O TBA-Br SCHOEISIH & D £ % #iti5 L 72 (Shimada
et al,, 2023). 285 K-CIERL L 72 Hifhfh B & U4 A5 5l OSCH
DA YE=F Y AARZ PVERIE L (K1), i
SCHIZ, #r# (Gerstletal,2011), %efiJE (Colomban and
Novak, 1988; Colomban et al., 1989), #£%2%E 4 (Borkowska et
al., 1996; Kuriyama et al., 1990) D3805% % 72, EIS#% ]
WZIERE 7R A A AABERE ORI 1L S v, 2 0ig
ZHERRT B 7250, SRS 520 O B AR 0 22 [ P HLRS 5
DOSCHZEH L 72, Hihhilehd, &SCHO PR X )
0.2~0.3 KIEWREIZ o 727 a L v 7 ) a— Wisiih T
ERLL 7z, -, BN 7OV THEK L HH 52 6§ 5
AL D KIS L, PR ] 128 T HR & IR
&7 R, EERICE >N S RS 546
T, HESAEBMETZE ) $ CHEL D &b,
A 8 SIS AR AE S % o ik i R AR 2L I BISH 2 12 3

HE R, P BEZ
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11 (A) 285 KTIER L 22 Hif i B X O°% 45 S TBA-Br SCH®
FAEANTOY b, FTRTDANRZ b VIF283 KTHIE L 7.
Hiflih B £ O SAEESCHIZ BT &(a) , (D)0 FKALIE, W UFMET
LR DR ERLTWS, (B) 285K TS L 72 Hikh 5
TBA-Br SCHE X 17263 K, 268 K, 278 KTH K L 722 & s TBA-
Br SCHO WMy % F 4 F A 7Ty b, §XTOANZ PVIE
283 KCllsE L 72.

Figure 1: (A) Typical Nyquist plots of TBA-Br SCH single crystals
and polycrystals prepared at 285 K. All spectra were measured at
283 K. Notations of (a) and (b) in single crystals and polycrystals
indicate different crystals prepared with the same procedure. (B)
Typical Nyquist plots of TBA-Br SCH single crystals prepared at 285
K and TBA-Br SCH polycrystals prepared at 263, 268, and 278 K. All
spectra were measured at 283 K.

Reprinted with permission from (Shimada et al., Solid State lonics
2023, 393, 116188). Copyright (2023) Elsevier B. V.

BeG 2w, ZOFELY, HEMORNE THHMED
HOLIEREBELZENTE (Shlmada et al.,, 2023). HifG
TR EZALCEN L 0% B 20121, IREAARRT
»5. ﬂﬁ®&wé%&mm%%W%:W%L%% T g
%20.1 KhOMETRA T2 Bgika &1 X ) B

WCBRHEN A6, BRIZESRSAWMICELT 5720
FORLIEZIHMERT 2 ENTE, BEROASIE
F—ZIFEH L/, TBA-Br SCHUSNDSCHAIZBWTH
#SCHO = Al % b DR 2> O HAL SSCHI R L, [
KD FH i cillE L7z,

EISHIEX, KZET, 1 Hz ~ 1 MHzO J5 I 5#E < A
V¥ —% AT F 54 ¥ — (Hz-Pro S4, Hokuto Denko Co.,
Ltd.) %M\, 100 mVOIEZHEE 5% EmL THlE L 7.
£ ¥ —F v AMERF1X, 0.1 mmol/LA 50.1 mol/LD
KCl KB CTRDO 722V @k v CTROE L 72,
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ATa v b,
Figure 2: Arrhenius plots of the electrical conductivity in TBA-Br
SCH and TBA-Br SCD.
Reprinted with permission from (Shimada et al., Solid State lonics
2023, 393, 116188). Copyright (2023) Elsevier B. V.

A Y ¥—F Y A7 — 5 OFITIE, DUT O%filnl# (1)
% 72 (Borkowska et al., 1996; Opallo et al., 1997).

Rhyd 1

Z =R
ol P (Jw)PrydRyy 4 Qhyd * (jw)PaQq (1)

2T, ZRj,0,pB LU0, TNENAL Y E—F VX,
P, RECRAL, AR, EBAAHFE T (CPE) 058
6%, BILUCPEORITH 5. HF Dsol, hyd, dlix, Z
NEZIKEW, SCH, BA_HEMEET. ARFZETIE, X
BT OWPIRNIIEH T EZ B E/NE Do /2720, BIT
WZIEPLF o &5l ml % (2) % v 7.

Z= Rnya P
1+ (w)PwaRyyqQnya  (Jw)PaQqg (2)
RS (O, ®RGITL Y RD.
Chya = thdm(Rhyd) Phyd (3)

WSRIEH (o) & AN (1%, 364 (R) & B ()
PHUTOXM@) , (HICXYFEHL.

o 1d
7~ Ruya A (4)
T= zﬁRhydChyd (5)

C 2T, diI2KoPERB O, AXEREREL T

2.2 SCHOIGEF v U7 DIEE

HifkE R OTBA-Br SCH (TBA-Br26H,0) & # D K (D,0)
& (TBA-Br-26D,0) #[d—t )L THEKL, EISHEIZLD
BN BAMLEROMEREY (TL=7A27a vy }M)
ZR2RY. BERASEFIIH0RAD,0% D 15655 <,
it LT AR 13 H,05% ASD,0% D 15 v & v 9
[RIOZ ARG H AN BE I R Tl X T % (Shimada et al.,
2023). AR ORE, Bk Ta b rhy ¥ U oa
A E L7 BB 7 Vs, Tu by T a—
T Uy OERIIIEDNTEPN L HEMH, X (6) 1TEWw
(Kek and Bonanos, 1999; Agmon, 1995; Nowick and Vaysleyb,
1997; Stub et al., 2017).

oy _ Tp (mH)_l/z
Op TH

) = V2 (6)

X TmykmldFhFh7a b eFa—5Furynlg
wTHDH, ZORRIE, K THORKZERTOEENF v
V7 OBEEICKE BT S, 2F VKRG TFHOKER
T-7STBA-Br SCHOZEREIEIZH G L TWSH I L aR LT
w5,

2.3 SCHOKXABFDIAF=TRX

L) BTE N ARBEIIBWT, KRG T-OFE N ES)
X, KBLU 7 FAL—MRIZBITS 70 b IO
Bt & LTS T b (Lee and Kang, 2021; Shimada et al.,
2023; Agmon, 1995). Z O FELAEE) RG] % 535 5 722,
FAHNMR % v, A Y AR (7)) 2% L
KGTDFAF I 7 A%FR72. 5% 1dBrukert: AVANCE
400 (T3 9.4 T, *H LUEJE MK 61.441 MHz) % Hl\v 72, 3
FHIFEK %2 HWT, semiclathrate deuterate (SCD) % #9250 K
TIER L, “FHIRE L D DT IR WIRETT 2 —TNT
= EAT, SEREMOLAERZ IR L. TR,
Pz [180°—7—90°1 12 X D PITE L, 90°/%)L A L 180°
POWVADINNAFIZFNENS us& 10 sk L7z, HIERE#
DWW TII3EE TS 5.

3. BERSCHOESIGEREZDXANZX L

3.1 B{ERSCHOERIGER

Hifk i OTBA-Br, TBA-Cl, TBA-F3 X U"TBA-OH SCH®
WARMBEFZEISIC L ) Jll%E L7z (Shimada et al., 2024). £
Tl LS BiSCHO B AR ER O EKAFE (7L =227
Ty b)) ZRBIIRY. BLAMLEEOFS]IE TBA-OH >
TBA-Br > TBA-Cl > TBA-F, (LTt V¥ -5
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10°L ]

F1: %R Tl & & 1L 72TBA-Br, TBA-Cl, TBA-F, TBA-OH,
TBA-For, (TBA),-Oxa, TBA-Ace, (TBA),-Glu SCH® & & (£ 3 &
(o) B L WEMALZ AV F— (E,)

Table 1: Electrical conductivity (o) measured at each temperature
(7) and estimated activation energy (£,) in TBA-Br, TBA-Cl, TBA-F,
TBA-OH, TBA-For, (TBA),-Oxa, TBA-Ace and (TBA),-Glu SCHs.

10°
10°®

o/S-cm™’

107 L
Y

&
e

TBA-F

10 ]

0 32 33 34 35 36 37 38
1000K/ T

E3: i TBA-Br (FRD), TBA-Cl (kD MUfA), TBA-F (F

NV L), TBA-OH (F L ¥ Y D=f) SCHOBAIZHED

TL=wA7ay b &% 7nig, BulEL, EheEhpl

7oLk BRBTRLTNS.,

Figure 3: Arrhenius plots of the electrical conductivity in the single-

crystalline TBA-Br (red circles), TBA-CI (green squares), TBA-F

(blue diamonds) and TBA-OH (orange triangles) SCHs. Each sample

was measured several times, as shown by the symbols with slightly

different colors.

Reprinted with permission from (Shimada et al., Energy Fuels 2024,

38, 6471-6477). Copyright (2024) American Chemical Society.

10% . . .
10°L .
£
N 6
w 107 3
heg E
© - i)
107 L N,
% R TBA-Ace?
of (TBA),-Glu
10° s ! - L
34 3.5 3.6 3.7 3.8

1000K/ T

K4 : Hiff B TBA-Br (RO ), TBA-For (L v Y D=4),
(TBA),-Oxa (FHDPUF), TBA-Ace (3D =£j) (TBA),-Glu (4
OULE) SCHOBLAEEFENT L=y A7y b. £H 7
Wik, gL, Pz k) TR LTw 5. (‘Shimada et
al., 2024; *Tsugaya et al., 2025)

Figure 4: Arrhenius plots of the electrical conductivity in the single-
crystalline TBA-Br (red circles), TBA-For (orange triangles), (TBA),-
Oxa (blue squares), TBA-Ace (green triangles) and (TBA),-Glu
(purple diamonds) SCHs. Each sample was measured several times,
as shown by the symbols with slightly different colors. (‘Shimada et
al., 2024; *Tsugaya et al., 2025)

TBA-F > TBA-Cl > TBA-Br > TBA-OH T - 7-.

TBA-OH SCH13273.3 KIZ 3\ T2.0 x 107 S/em® & &4z
i % 7R L, TBA-Br, TBA-Cl, TBA-F SCH% Kk & < L[|
BB VMEEARTH - 72, TBA-OH SCHO AL = %
VF—13H17 kI/mol'T, /T A FRSCH (§60 kl/mol) X

compound c/S-cm’ E,/kJ-mol”

TBA-Br-26H,0 4.1x10° (at 2732 K)* 60.5+0.3"
TBA-CI-30H,0 2.6x10° (at 273.2K)* 61.1+0.3"
TBA-F-28H,0 8.3x107 (at 293.2 K)* 66.0+0.8°
TBA-OH-28H,0 2.0x107 (at 273.3 K)* 17.440.5*
TBA-For-32H,0 (6.3£1.2)x10° (at 273.2 K)® 45.6£0.3°
(TBA),-Oxa-58H,0 | (3.5+0.1)x107 (at 280.2 K)" 72.7£0.3"
TBA-Ace-31H,0 (6.0£0.2)x10™ (at 280.2 K)® 73.6+0.8"

(TBA),-Glu-55H,0 | (3.4£0.7)x10°* (at 287.8 K) | (1.6+0.1)x10”

*Shimada et al., 2024 °Tsugaya et al., 2025

DHHFL IR, Zo/NS4fiEld, TBA-OH SCHIZ BT
570 N MEERREDSMONT 4 FRSCHE X8R 50T
BEVEZRIR S 2. 72721, ZOREMAR X 7= X LRI
5 HBOMENLETH H. TBA-OH SCHOD A f5H R
A%, BENOFRTEMRE TH Ha-LisPS, (298 KT<10” S/cm)
(Kimura et al., 2023) %°Li,La,Zr,0,, (LLZ, 298 KT1.2x10” S/
cm) (Hayashietal.,2023) # ERl>CW5h., TOIZ &5,
TBA-OH SCH® X 9 %84 F MZEMSCHO S R, i
THERET 20 L R E R E o BIZE 1210 72K & 2] RE
HAEMDTVEEVZ 5.

EHICHANVKRFTYTI— %27 =% &3 ATBA-Formate
(For) , (TBA),-Oxalate (Oxa) , TBA-Acetate (Ace) (Tsugaya
et al., 2025), B X ONTBA),-Glutarate (Glu) SCHIZDWT 3
[ B L2 WG i SCHOEISHI & % 17 » 72, BAURER ORI
MREKATR T, S RSCHOBLAIZEE (o) L 2D
WAL RV F— (E) 2E1UIT LD 5. (TBA),-Oxads X O
TBA-Ace SCHIC B} 2 HAREROF AL AL F—1%
75 KI/molTH ), NF 4 FARSCHOIFHAL T A L F— (K
60 ki/mol) & Y ReREh -7z, —7, TBA-For SCHIZBIF
BIHTEAL T 2OV F — 134945 kI/mol T 1), (TBA),-Glu SCH
1% #7160 kJ/mol T & - 7z. TBA-For, (TBA),-Oxa, TBA-Ace
SCHTIE, ZANVEFTT— T A V1DDOHNVEF I
HO2EOMEILT 22D KG T LB &b Y, (TBA),-
GluSCHTIEANVAF T FG— T =4 v D2ODH VA F
VI OMA D BFEE T HBMEO KT LR S , A
FL—= b r—Y0—#%EH L Twb (Dyadin et al., 1984;
Aladko and Dyadin, 2004). Z ®D7ER1E, HIVEF T O
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100 ' T T T T T T T T T T T T T |
F | —— (TBA)2-Glu SCD
[ | == TBA-For SCD?
| | —O— (TBA)2-Oxa SCD?
1| | —TBA-BrscD’
107" || - - -tBA-CI SCD' =
® f|ome TBA-F sCD' 3
~ L
102 L
10'3 I U S R S B S
34 3.6 3.8 4.0 4.2
1000K/ T

K5 : TBA-For (+ L v Y ®D=4]), (TBA),-Oxa (FDIA),
(TBA),-Glu (3300 L), TBA-Br (##i), TBA-Cl (FRAEHL),
TBA-F (Kfupift) SCDDA Y T FEH (T) 2815
DIRIERAENE ('Shimada et al., 2024; *Tsugaya et al., 2025).

Figure 5: Temperature dependence of spin—lattice relaxation times
(7)) in TBA-For (orange line with triangles), (TBA),-Oxa (blue line
with squares), (TBA),-Glu (purple line with diamonds), TBA-Br (red
line), TBA-CI (green broken line) and TBA-F (aqua dotted line) SCD.
(‘Shimada et al., 2024; *Tsugaya et al., 2025)

FRTHRGTOBRETIRDDIINA FL— b=
WCE &b o> TWaDZ &K L, TBA-carboxylate SCH
DT b AREHNTBA-NT 4 FRARSCHOH & & 0 & B4k
ThoHIERREL TV,

3.2 SCHOERIGEXRZXA T IER
BEAIEEEK (o) PH—F v ) 7T TEINLYA, Nernst-
Einsteinz\;(7) Ttk T 5.

Dce?

T=T

(7)

C ZCDIZEMF v ) T OWERE, c3EWF )T
IE, eldBAER, HIR VY < VB, TIEREZET.
FAZh 72 & 912, TBA-Br SCHO [ fi k) F- 92 B> &,
SCHHDF % ) 71370 b ThHb. D70 b il
BemE % 3 % 729 121%, Nernst-Einsteini\ D Z ¥ T
%, SCHHOILFREDE 7a b v itk e $ 2 0E
V5.

70 ORI % HEE T 5 729 12°H NMR
EHOWTKRSTFDOFT A F I 7 A% F~72. TBA-Br, TBA-
Cl, TBA-F, TBA-For, (TBA),-Oxa, (TBA),-Glu semiclathrate
deuterate (SCD) OISV Z AR IV TIX, DO+ DF
BLIMEEN R 2 ¥ — 7 3Bl S 7z, A Y VA& Ti%
FIRERT (7)) OWEEAKAE (K5) 2 /5 &, T4 FRSCD

&2 : TBA-Br, TBA-Cl, TBA-F, TBA-For,(TBA),-Oxa,
(TBA),-Glu SCHIZ 351F % A ¥ U K& F-#EAIR M (T,) OHEEH AL
IANVF— (Ey)
Table 2: Estimated Activation Energy (£;,) of Spin—lattice Relaxation
Times (7)) in TBA-Br, TBA-CIl, TBA-F, TBA-For, (TBA),-Oxa and
(TBA),-Glu SCHs.

compound E; / kJ-mol”
TBA-Br-26H,0 16+1°
TBA-CI-30H,0 1441°
TBA-F-28H,0 12+1°
TBA-For-32H,0 22+1°
(TBA),-Oxa-58H,0 18+1°
(TBA),-Glu-55H,0 18+1

*Shimada et al., 2024 °Tsugaya et al., 2025

Tl3243 ~ 293 KO #i P CTHERMM R IZIZR U CTH D,
W LT AV F— (E,) bIZIFFMLTH -7z (382). TBA-
carboxylate SCDIZ DWW TiZ/N T 4 FRSCD & V) & T#EAIRE
BARWHEIICH 72, SR NVAFVIHICE LEE
LEZoNS. LAL, TObThRTHEMEERO#ENE
T, BRIBERORELELZINT LI LIETEL W

F7, NOEHET A VF— (E) 1, BRISERON
PRV F— (E) LD H/AS v, SHIZENIKRGTH
B 727 T, A4 Y RBERTZAVF—, £ F V1
MEAMZANVE—, 70 b JIEROEEILT f L F—
LEDELOTHA.

WIZ, BARIRERISEEL 52539 —20%RHE L
T7ua b VigEREET 5. SCHRIZY AEh/A 70 b
VIR EBERET A 2 LIRS TS B, Uritski et
al. (2009) O LAUE, KB L ice InOpHfE X [l —T
W awas, BEPLNERT. ShESEICLT, &K
WFge i, SCH/KAH OpHEASSCHYT O 71 b Vil E &
ML Twa & L7z pHill e H o SCHARAEW X,
WS L7z M RSCHE SR S8 5 2 & T2
X612 1, TBA-Br, TBA-F, TBA-For, (TBA),-Oxa, TBA-Ace,
(TBA),-Glu SCH®273.2 KIZ B} 2 BAMRESR L pHO B 1R
%7R9. TBA-Cl SCHO BA[RER % M L 7212 D KIEH
DOpHIEIX6.5TdH - 7275, #HICTBA-CUK A #E OpHAE 15.0
~6SOFPTER LEE L Bholzlz, H6IIZED
otz RODFERA S, BALRER L pHAE O I I3
B2 5 Z Lhvbrd. pHIEAMR (X ) EEMED) SCHIZ
CEAIRERENEV. CREAEBESRY PT—=2H0
70 b REDBEIYT A &, SCHOBRAERIZM ¥ 5
ERgang, X)) 2odbrsiHil, 70 b ViR

209
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b
10°L GIuI ]

O
106 7 8 9 10

pH of aqueous solution

K6 I i HTBA-Br, TBA-F, TBA-For, (TBA),-Oxa, TBA-Ace,
(TBA),-Glu SCHO R IC X W o7z, 27132KICBIT 5 &
AR (0) LIKIBMOpHE DR, 273.2 KIZ BT 5TBA-F,
(TBA),-Oxa, TBA-Ace, (TBA),-Glu SCHO BA[=EH 1L, X3, 4
RS T L=y AT ay P OSHER SHEE L7z (‘Shimada et al.,
2024; *Tsugaya et al., 2025) .

Figure 6. Relationship between the electrical conductivity (o) at
273.2 K and the pH level of the aqueous solution obtained by the
dissociation of single-crystalline TBA-Br , TBA-F, TBA-For, (TBA),-
Oxa, TBA-Ace, and (TBA),-Glu SCHs. The conductivities of TBA-F,
(TBA),-Oxa, TBA-Ace and (TBA),-Glu SCHs at 273.2 K were
estimated from the extrapolation of Arrhenius plot shown in Figures 3
and 4. (‘Shimada et al., 2024; *Tsugaya et al., 2025)

X INSDOSCHIZBIF 2 BAMLERE2RET HEE RN
FThb.

4. HHYIC

CNETOMRIZLY, &R SCHD B A RER
FHLNML, FxVTHATEINITHLEI L, T=F ¥
FEIAKATE L CRAMLBEREIZAT 2 2 W52 LT
FARH NMRJE A S8 572, K510 P e 1) 18 B e
RIS B TAEAIRFIICIE R E 2132 L, v 7Ok
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