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Substituent effects on the viscosity of azole based ionic liquids

Satoshi KITAOKA, Yasunori FUJIMOTO, and Shinnosuke NISHINAKA

Abstract
We investigated the substituent effects on the viscosity of azole based ionic liquids. Introducing some electro-
withdrawing groups to the azole anion and some electron donating groups to the azole cation decreased the
viscosity of ionic liquids. In these substituent effects to azole anion and azole cation, the anion and cation
charge are delocalized over substituent groups. The decrease in the anion and cation charge density
weakens the cation-anion interaction of ionic liquids. As a result, the viscosity of ionic liquids becomes lower.
The present method of delocalizing anion and cation charges in azole-based ionic liquids by means of
substitutions may be applicable to other ionic liquids to reduce their viscosity, thus making them promising

reactive media and electrolytes.
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NTVNDRPEREEZ OND, EMEEMETT D
EL ITFA =T A IR EFERMET L. RER
KFdseTPRIND, £z, 7Y AT =F 7L
D XD B EBROBRIEREACEFI LIz A A Rk
HIEMETHD Z LRSS NTWD, iz, 1,2,4—
U7V L—FR1234—F FFY L— a7 =F
&% lemiml[1,2,4-trialolate]l. [emim] [1,2,3,4-
tetrazolate] D4 1L 60.2 cP. 42.5¢cP TH o798, %
T, EEOIFEEMT =4 2 AT DA A IR
Z AR DT DIT, T = A BT BT RKE
HOBABHANTHD B 2T, HFHFR EIZHBLE
T & T KRB OB BICHEICIERE TS 2 &
T, A FVIRIKDOE 72 HARRE A IFF LT, Fox i
1,23 NUT V=)D 4,5 (fZ oD T JFHNEA
ENET =ArE2HT 5lemim] [DCTI(X 1% &K L
7o TOAFRRITER TR THY . T OREIX
38cP Thote 9, ZhITv7T /7 EEbicin
lemim][1,2,4-trialolate] DK5EE (60.2cP) & kT 2
EPEL ORSETH Y, VT ) EEAOHRETH B
LEBERZDBND, £ T, KBTI, FEBEMA A
IR~ DOBEHIEHREZ A ST D20, BTG
MR (TR CEFRGIMERE (7 2 3) BA
DOMRETE Uiz, E7- ZOBBBIESHRILT =4,
HFANK LT, BEHORE T ETFHEL, 7=
Fy. AFA VWS OB R ARE LT,

RS
2.1 3K

BRI WA LR () . bk T
¥ ) LVEALEZELOEZOEEMH L,

2.2 Gk
1-butyl-4.5-dicyanoimidazole (1) D& k%

45T ) A I —) 2.0 g (16 mmol) & ¥/
THF 10 ml IZ& L., RV =F L7 I 2.2 ml (16
mmol) Z 1z 1 W& L7z, |RICEL, 7 aE7
% 8.44 ml (82 mmol) & N x —BRIRHE L7z, WH%
WEEEL, Eiklc ey 20ml 2Nz 7, %515
WL DAY EBRE L, ROZK 10 ml T 2 [EIFEE L
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Too CHEERLT-12, BRIREBIEE ET 2L 204 g
(11.7 mmol, HULR 73%) OFE S GRS, 1H
NMR (400 MHz, CDCly): § 0.95 (t, 3H, Ni1-
CH:CH2:CH2CH», 1.837 (m, 2H, N1-CH:CH:CH:
CHs), 1.88 (m, 2H, N1-CH2 CH-CH2CH3), 4.25 (t, 2H,
N1-CH:CH2CH:2CHs), 9.37 (s, 1H, C2-H).

1-butyl-3-methyl-4,5-dicyanoimidazolium iodide,
[bmdcim][I] D& AR

&M 1 0.50 g (2.87 mmol) & = 7L X F/L 0.89
ml (14.4 mmoD(ZVAME L, 48 REl&ENE L7z, RO K(5
mlX2) CHMPZMH L, Eiig—5 /L 2.5 ml C 2 [A]
Yeyg Ui, TEMERE 21T - 7o t%, IR EZERE E3
% & 0.15 g (0.48 mmol, 17%) D EAE RS ST,
1H NMR (400 MHz, DMSO-dg: & 0.93 (t, 3H, N1-
CH2CH2CH2CH3, 1.34 (m, 2H, N1-CH2:CH:CH>
CHs), 1.84 (m, 2H, N1-CH2C H=CH2CH3), 4.05 (s, 3H,
N3-CHs), 4.43 (t, 2H, N1-C H:CH2CH2CHs), 9.81 (s,
1H, C2-H).

1-butyl-3-methyl-4,5-dicyanoimidazolium bis (triflu

oromethanesulfonyDimide, [bmdcim][NTfe] D& ik
[bmdcim][I] 0.10 g (0.32 mmol)Z RO 7k 1 ml IZ&
i L. LiNTf20.11 g (0.38 mmol) Z Il % 4 BREHEHE L
7o YZmumAXZr5ml &Mz, ROK1mlT5I[H
Wi Lz, WRZRIER E L, FRIEICA Y/ — 5ml
ZIMZIEE PRI 21T > 72, WIREZHEREEL, 60C
T—BREZERLET 5 & 0.08 g (0.17 mmol, 53%) D%
EERE 57, TH NMR (400 MHz, DMSO-dy): §
0.93 (t, 3H, N1-CH2CH2CH2CH3), 1.34 (m, 2H, N1-
CH:2CH:C H-CHs), 1.84 (m, 2H, N1-CH2C H:CH2CH3),
(s, 8H, N3-CH»), (t, 2H, Ni1-
CH:CH>CH2CHs), 9.79 (s, 1H, C2-H); 13C NMR (100

4.05 4.43

MHz, CDCls): § 13.3, 18.8, 30.8, 37.2, 50.8, 106.3,
114.7,116.4, 118.1, 121.3, 124.5, 142.5.

1-butyl-4.5-dicyano-1.2.3-triazole (2) D& ik

3,4-Y37 /-1,2,3-F V7V —/L 0.40 g (3.36 mmol)
ZHZETHF 2ml 288 L. R U =T /L7 2> 0.44 ml
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(3.36 mmol) & Nz 1 REREENE L7z, |IRICEL, 7 1
T 7% 2 0.73 ml (6.72 mmol) & il . — Mg L=, ¥
MABFEREL, FEICY7rr A2 10ml 2%
7oo WHIABIZ Y RiEabrEL, ROKS5ml TH
EIBeE Uiz, SRR L7oth, WIREERE & LTz,

YUNAT A (A2 cm, &S 15 cm, EEAEL ; &~
zan ALy ~FHhr=1: 1DICLY REE 0.4 DJk
SESB LT, WREMEREEL, 60°CT—BEZH
3% L 0.092 g (0.53 mmol, FHUYR 16%) 0D i (4717
AAE b7, TH NMR (400 MHz, CDCls): §1.00 (t,
3H, N1- CH:CH:CH:CH>),
CH2CH2CH>CHs), 2.04 (m, 2H, N1-CH2C HCH2CHb),
4.60 (t, 2H, N1-CH-CH2CH2CHs); 13C NMR (100
MHz, CDCls): §13.1, 19.4, 31.6, 51.6, 105.5, 108.5,

1.40 (m, 2H, NI1-

116.6, 126.1.

1-butyl-3-methyl-4,5-dicyano-1,2,3-triazolium bis

(trifluoromethanesulfonylimide, [bmdcTr][NTfo] @
=0

Ite¥ 2 0.22g(1.25 mmo)% /bty 3ml ITIA
AN
(1.25 mmol) Z i1 % 96 K¢ #: L 7=, RO /K(5 ml
X 2)THB A L, KMEIZ RO JK 10 ml IZ¥fE L
7= LiNTf> 0.36 g (1.25 mmol) Z il 2 — B # L=, WE
BT Q0mlxX5)THHEZML L, ROKS5ml T
b mIYEH L7z, WIRZBEREL, BEICAZ /) —L
20 ml N2 IEHERAI 21T > e, WA BERZEE L,
60°C T—HREZE# %9 5 & 0.10 g (0.21 mmol, 17%)
O BEGEESS 5N, TH NMR (400 MHz, DMSO-
de: 5 0.93 (t, 3H, CH:CH2CH2CH3), 1.38 (m, 2H,
CH2CH2CH>CHs), 1.96 (m, 2H, CH:CH:CH2CHs),
(s, 38H, N3-CHy), (¢, 2H, NI1-
C H.CH2CH2CHs); 13C NMR (100 MHz, DMSO-do): §

MU 7t X Z o Z)LR ATV 0.14 ml

4.64 4.98
13.3,18.7, 30.3, 42.3, 56.1, 104.0, 114.9, 118.1, 121.3,
122.0, 123.11, 124.5.

mbutylazide (3) D& AL
74k vV 74 2.0 g (30 mmol)E RO 7K 25 ml 2
BRL., 7ueE7 4 1.1 ml (10 mmol) ZhN % 14 K
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WFEEADST ) — WA F AR DRGNS AT 52

MER Lz, Y7muAX (40 mlx2)ThiiL, &
THiE, WEEET 5 & 0.86 g (8.7 mmol, 87%) i
FHOWANE SN, T H NMR (400 MHz, CDCls): §
0.95 (t, 3H, N-CH:CH2:CH:CHpy, 1.40 (m, 2H, N-
CH2CH2C H-CHs), 1.58 (m, 2H, N-CH2C H.CH>CHs),
3.26 (t, 2H, N-C H-.CH2CH>CH3).

1,4-dibutyl-1,2.3-triazole (4) D& AL
&% 3 02g((@2.0mmol% +7 % / —//RO k=
2 ml/ 2ml \Z¥EfE L. Fil24E 16 mg (0.1 mmol ), 7 A

Ve VEEFT R U U A 40 mg (0.2 mmol), 1-~F
0.23 ml (2.0 mmol) 1 % 24 BERIFEHE L7z, RUSIKIC
RO 7K 10 ml Z /%, FEEE=F/L(10 mlX 3) THlIHI L
Too CRHELERLT-tR, WWREBIEREE LIz, U h Al
Fh (W 1lem, @S 5cem, BHEEE ; BT
AFXY U =1:3) THE L, WkEBEEET S5 L 013
g (0.70 mmol, 34%) DI AR NDE DT,

IH NMR (400 MHz, CDCls): & 0.97 (t, 6H, N1-
CH2CH2CH2C Hs, C4-CH2CH2CH2C H»), 1.37 (m, 4H,
N1-CH2:CH>CH-CHs, C4-CH:CH:2CH-CHs), 1.65 (m,
2H, C4-CH2CH:CH:CHb), 2H, NI1-
CH2C H-CH2CHb), 2.71 (t, 2H, C4-C H.CH:CH>CHs),
4.31 (t, 2H, N1-C H:CH2CH2CHs), 7.24 (s, 1H, C5-H).

1.87 (m,

1.4-Dibutyl-3-methyl-1,2,3-triazolium iodide, [bem
Tel [T D& k%

&4 0.12 g (0.66 mmol)& = Vi A F /L 2 ml
ZHAR L, 24 REDEDR L72, RO K(Bml X 2) CHIE L .
vy 2.5ml C 2 [BIYES Lo, & DB A LR
EL. 60°CT—WEZE T 5 & 0.20 g (0.62 mmol,
93%) D E AR B A7z, 'H NMR (400 MHz,
DMSO-dy): §0.94 (m, 6H, N1-CH:CH2CH2C H3, C4-
CH2CH2CH2CH3, 1.28 (m, 2H, C4-CH2:CH2C H-CHs),

1.40 (m, 2H, N1-CH2:CH2C H:CHs), 1.65 (m, 2H, C4-
CH:2CH-CH2CHs), 1.88 (m, 2H, N1-CH2C H:CH2CH3),
2.83 (t, 3H, C4-CH-CH2:CH2CHs), 4.19 (s, 3H, N3-
CHs), 4.56 (t, 3H, N1-C H.CH:CH2CHs), 8.79 (s, 1H,
C5-H).
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1,4-Dibutyl-3-methyl-1,2,3-triazolium bis(trifluoro

methanesulfonylimide, [bomTr][INTfo] D&k
{EA % 24 0.19 g (0.54 mmol) & RO /K 10 ml [Z¥A 1%
L.RO 7k 10 ml (Z¥Afi# L 7= LiNTf2 0.17 g (0.54 mmol)
EINMZ R L, Y7 uen A% (10 ml
X 3)THiH L. RO /K 5ml T 3 [B¥ei LIz, AR %E
FEREL, BEICA Y 7 —/v 20 ml %I 236 M R et
AT o7z, ZOHBBRABERE L, 60°CT—BrRZE
B4 % & 0.20 g (0.42 mmol, 78%) Oy g A T 1A A3 15
54172, 'H NMR (400 MHz, DMSO-dy): §0.94 (m, 6H,
N1-CH2CH:2CH2CHj, C4-CH2:CH2CH2CH3), 1.29 (m,
2H, C4-CH:2CH:2CH:CHs), 2H, NI1-
CH2CH2C H>CHs), 1.65 (m, 2H, C4-CH2C HCH2CH3),
1.88 (m, 2H, N1-CH:C H-CH>CHs), 2.82 (t, 3H, C4-
CH:CH>CH2CHs), 4.18 (s, 3H, N3-CHb), 4.55 (t, 3H,
N1-CH:CH2CH:2CH3), 8.77 (s, 1H, C5-H); 133C NMR
(100 MHz, DMSO-dy): §13.3, 13.7, 18.9, 21.7, 22.4,

1.38 (m,

28.4, 30.8, 37.4, 52.9, 114.9, 118.1, 121.3, 124.5,
128.2, 144.4.

1-butyl-1,2,3-triazole (5) DAk

H4 THF 12k F#EkF R U 7 4 0.85 g (8.7 mmol) &
i L, KIB FC1H-1,2,3- F U 7 —/b 0.34ml (5.8
mmol) & N L7z, D FEF 20 L, I — K7 ¥
> 0.62 ml (5.8 mmol) & /il % 48 KEERE L7z, SIS
RICROK 10 ml Nz, ¥Z7uwm A4 5 mlThH
B U7z, fBREME L2k, RIRZRERE & L,
UAHTAANE2 em, WS T em, BEAAEEE ; B2
TFL o ~FH Ly =13 LY. R 0.2 DR %
SHELT, WIREMTEE E9 5 L& 0.35 g (2.8 mmol,
48%) D E AR B iviz, TH NMR (400 MHz,
CDCls): §0.96 (t, 3H, N1-CH2CH2CH2C H3), 1.35 (m,
2H, N1-CH:CH:CH-CHs), 2H, Ni1-
CH:2C H2CH2CHb), 4.40 (t, 2H, N1-C H:CH2CH2CH3s),
7.57 (d, 1H, C5-H), 7.69 (d, 1H, C4-H).

1.90 (m,

1-butyl-3-methyl-1,2.3-triazolium iodide, [bmTy][I]
DEL

&% 5 0.30g (2.4 mmol) % I 7{b A F/L 5 ml I8k
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WL, 24 FERBER L72, RO /K10 mlX2) THIH L,
x5 ml T2 [BIGEH L7, & O%EIKZ TR
EL. 60°CC—HrEZEEIET S L 0.61 g (2.2 mmol,
92%) D HE AR DS B 7z, 'H NMR (400 MHz,
DMSO0-dy): §0.90 (t, 3H, N1-CH2CH2CH2CH>), 1.30
(m, 2H, N1-CH2:CH2:CH>CHs), 1.88 (m, 2H, N1-
CH2CH-CH2CHs), 4.30 (s, 3H, N3-CHs), 4.61 (t, 2H,
N1-CH:CH2CH:CH3), 8.81 (d, 1H, C5-H), 8.88 (d, 1H,
C4-H).

1-butyl-3-methyl-1,2.3-triazolium bis(trifluoro

methanesulfonyDimide. [bmTr][NTfo] D&%

[lbmTr][I] 0.60 g (2.2 mmol)% RO 7K 10 ml |Z¥Afi#
L. RO 7k 10 ml IZ#fi# L 7= LiNTf2 0.65 g (2.2 mmol)
Mz B L, Yrun A2 10mlX 3 [E)T
i L. RO K 5 ml T 3 [EIWEH L7z, KA WIERE %
L. BEIZA S 7 —v 20 ml &N ZIEVERALEE 24T -
oo WIKZRTEREEL, 60C T HEZEWET S &
0.71 g (1.7 mmol, 77%) 0> (37 BRI A3 B L7z,
1H NMR (400 MHz, DMSO-dg: & 0.90 (t, 3H, N1-
CH2CH:2CH2C H3), 1.30 (m, 2H, N1-CH2CH2C H-CH3),
1.88 (m, 2H, N1-CH2C HzCH2CH3), 4.29 (s, 3H, N3-
CHba), 4.61 (t, 2H, N1-CH-.CH2CH2CH3), 8.81 (d, 1H,
C5-H), 8.87 (d, 1H, C4-H); 3C NMR (100 MHz,
DMSO-dy): §13.4, 19.0, 30.9, 40.0, 53.0, 114.9, 118.1,
121.3, 124.5, 130.9, 131.9.

2.1DSC &

STl ® EXSTAR 6100DSC [Z4EI 25 A & LT
(bEZHH 2=y bEAWT T, R 2~5mg %
TAI=TLB-ONANZEYVERY, =L, V77
VU RIZIFZEDOT VI =0 L8 FICCRIE Lz,
WA - FIRHEL 2°CHy L Lz,

2.2 KEEERE

HREPE (R © VISCOMETER TV-25 typel, == —
V17— MRUERER 2 V. A B RJLZ CORD—
1 (1"34XR24) =N\ TIio7z, 3k 1 mL % &
DELY . Z & E OREIREIARIEEIR A A AT
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L=,

2.3 ARGy HPE

HEETTE (B O —NT 4 v v —KOEEH
(FBEWE) MCU-610 # AW T1ro 7=,
SAER LB
31TV —NHT =F o BIOITFA L ~DVT /&
HAhR

TS NBT = ~D VT HE NN
DIz, Fx BLLRTA AL L7z [emim] [DCTI(X 1) &
T EBEA ST [emim][1,2,4-Tri] O 444
BTz b L, o, 7Y —ABIBTF L~
DT ) IEAHFEONTIE, [bmim][NTH &, £
DAIFZV T NASNNITT J N oA I T
[bmdcim] [NTf2] % L L 72 (4 1),

N,
NN NN
L A
NC CN
[emim][DCT]

N
N/\ N
e
[emim][1,2,4-Tri]

A

RSy L O i
) NTf, NG ©CN z

[bmim][NTf;] [bmdcim][NTf,]

1 [emim][DCT],
[bmim][NTfs], [bmdcim][NTfs] D

[emim][1,2,4-Tril,

[bmdeim] INTElIFZRD K S IZER LIz, 4,5-2 T
A I —)VEF THE (2L, AL LThY
TFAT I EMA LRFRIER L, TD0%TnET
H o EMZ—BERT 5 Z & T OEHAOHKEKE LT,
{bEW 1 35 57 RIE 783%), B ohi-fbiaw 1
I UATFMCHERL, —BUERT 2 2L T, HE
DOEM & LT lbmdeim] M A34% 5 72(17%), KT,
[bmdcim][1]1 % k¢, LiNTfs & D7 =74 > 5SS
2k, HHEAOREK S LT lbmdeim] [NTf]E &7z
(53%).

RUZT S —NBT =F o~ T ) IEENHR
LTz, [emim][DCTHX=IE CREDOHE TH Y |
Z OREENE 25°CIZRBWT 38 cP Thote, ZOfEIE

HESE A AST ) — VB A oF AR O RS

29

LESEZ
NANH (a) N%N/\/\ b
= e -
73% o
NC CN NC CN 17%
1
A — A
SNAENTSNN (©) NZONTSN
1~ % NTf,
NCHCN 8% N oN 2
[bmdcim][I] [bmdcim][NTf,]

A% —2A 1 [bmdeim][NTfol D&% (2) EtsN, nbutyl
bromide, dry THF, 60°C, 1d, (b) CHsl, neat, 40°C, 1d;
(¢) LiNTf2, H20, rt, 4h

[emim][1,2,4-Tril(60 cP) & bb#k U, KiE ARkl

LTWD Z e BnE o7z, ZHUFT T 7RIS
T A VBMBIERE LoD ELE I bND,

F1 7N T =F o ~DTT ) EE AR

A A RIE Tw (T2)] C n /cP¥
[emim][1,2,4-Tri]? (-76) 60
[emim][DCT] -26 38
A5 COfE, YCHk 8

E 2T NBBFF L ~DTT ) HE AR S

AR L7z, [bmdeim] INTfliZ=R CEEOE THY | &
DRELAIE 19CTH 5T, [bmim] [NTf](—
40 LR L, KIEICEWVEEZ R Lic, ZUds T
wOWEIMIIZ, 7 /7 EIZED TV —VEOETE
FERMMETF L, BFAERBEMULEZ ENERTH D
LEZLND, TV A BRA~OEEN BRI OE A
X, aTICRIETRENRE L, A A RIEOYPEC
WRBR LTV A Z &R STz,

ZDfEE

F£2 TS NI FF o ~DT ) FEEALN R

A FRIE Tm! C n /cP¥
[bmim][NTf2]? -4 51
[bmdcim][NTfe] 79 -
AR5COME, Pk 3(a)

32 TN ATFF o ~DELRGIMERES L OE
Tt PR RE A h
INETEFRIMIETH DT/ HOBR A
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LC&ERER, ZITEHEFGHERICLERL, 7Y
— VB AR D T F A v~ D B ESE AR AR
AMNCHERT D BHELTRY 7Y U o AERIRL,

BFROMEEREE LT T ) B2 D TF A AT 25HAL
7z[bmdcTr] INTEI]l, 5P & L CT F L4
A U 72 [bamTy][INTf] & & # 5L 238 A L TV
[bmTyl INTfl %Gk L, #ME DRI 24T - 72,

N,
\N‘,+\’N/\/\

()

~nN~

\ +¢,N/\/\ \N:,T\:N/\/\
NTf, = Nty =L Nty
NC CN H H 2 Bu H 2
[bmdcTHNTf,] [bmTrINTF,] [b,mTrINTF,]
2 [bmdcTr] [NTf:], [bemTr] [NTf:]

DHfE

[bmTr][NTf] ,

(2. [bmdcTr]INTE]D AR ZAT 72 (A F— 24
2) 4,57 /-1,2,3- b U TV — L& EHE THF (2K
gL, WELE L TRV ZFAT I 2N 1 FEEGE
Liz, 0BT a7 ¥ &Nz —BigERT 52 & T

et

L

W AOREE U THEAY 2 235 b 7= CHUNEE 16%),

Bonifbdm2 & b T, N 7t K
VAIVTR R AF T AF AL L, DT, LINTf 12
FVT =AML LT, AADREKE LT
[bmdcTr] [NT2] 2345 5 4172 (17%).

H
N
N N

)\_/<

NC CN

N‘N/\/\

NC
2

(a) N~
—_—
16%

N
NN

NTf,
NC CN

[bmdcTr[NTf,]

(b)  (c)

17%

A% — 24 2 [bmdeTr] [NTf] DA% (a) EtsN, nbutyl
bromide, dry THF, 60°C 1d; (b) CF3S0sCHs,
toluene, rt, 4d; (c) LiINTf2, H20, rt, 1d.

WA, [bemTr] INTRID G EAT > T2 (A ¥ — 24 3), 7
DT RV U LE ROKICEML, 7uE7 % &0
x —BEBW T 5 2 & TIhEM 3 2 1572(87%), RWNT,
AR LTAbAY 3 % +BuOH / HaO =1 1 IZIEME L,
BRfasR(I), 7 AL e b U v A%
ICTHIRT 52 & T, ka4 3560

1-~F v,

A —weE=iE

30

7= (84%). (k&M 4 % VLA F L TAF AT DT
&TL [bemTrl 235 5 4172(96%). KT LINTf: &
DT =F BBy EHRAEMKE LT
[bemTr] [NTfe] 2315 5 4172 (78%).,

N
a (b) N NN
Br/\/\ L» NS/\/\ E— __
87% 34% By H
4
LN N,
(c) N'LTJ'N/\/7\ (d) \N‘*,+\,N/\/\
o I —o> ) -
%% gy H 8% o Ny VTR
[bomTr[1] [b,mTr][NTF,]

Z X — L4 3 [bemTr][NTf] ® & 5k (a) NaNs, H20,
100°C, 1d, (b) 1-hexyne, CuSOs, sodium ascorbate, t-
BuOH / H20 (1 /1), rt, 1d, (¢) CHsl, neat, 40°C, 1d;
(d) LiNTfz, H20, rt, 1d.

&%, [bmTrlINTRlZ &K L7z (A% —24 4),
1,2,3- b U 7Y — L & #i THF ¢, kFELT U ¥
LIFAET, 3= R7 X EORISIZE VLAY b 35
HNT=(48%), LN bAEMY 5 %3 Vb A F I
fig L. —BuEi s 2 2 & ThmTrllll 23%5hi=(ks
¥ 28, 92%), [bmTr][1] & LiNTfs /K CT7 =A%
W5 Z LT EAFETREA L LTClbmTr][NTH]A
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