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Investigation of Quasi-Liquid Layers by Advanced Optical Microscopy
and Atomic Force Microscopy

Ken Nagashimal*, Yuji Miyatoz, Masayuki Abe’, Ken-ichiro Murata', and Gen Sazaki'

The physical properties of the quasi-liquid layers (QLLs) on ice surfaces have been a subject of long-standing
debate. This review compares two approaches to studying QLLs: advanced optical microscopy (LCM-DIM) and
atomic force microscopy (AFM). LCM-DIM revealed that QLLs adopt non-uniform, partially wetted morphologies
under non-equilibrium conditions above -2°C. In contrast, frequency-modulation AFM (FM-AFM), which overcomes
the challenges of conventional methods, detected a thick (~25 nm) QLL even at -24°C. We discuss these seemingly
contradictory results and conclude that a complementary use of both techniques is essential for a unified understanding

of QLLs.
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1. FL&HIC

BRTdH HIKAZ DOREUTLIT OIREET, 2K % 3 Wik
MeokgTbn o LMaE & v BT, 191552 B
SEOM<A TN T 7 7712 E o THO TR S Mz,
WERFIIBIT 2 B RIFEW I OMNIN 2T —~<D—DT
% (Faraday, 1859). Z DIRIZ L - COKEMmMICHN L@

X[ LA R (Quasi-Liquid Layers: QLLs) | & ’-E, FH oD
TERRZEALRIRDW ) R &, S HITIEHEE O EHRRER o
ERE Lo, FADOHONY) DL D725 HRBE
RS H ETANRBFIETHLEEZLNTWS (L
& Somorjai, 2007; Slater & Michaelides, 2019; 5 JII, 2009).
77 7T X B LR LG b — il L EARE L,
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DIBRT & 7 o 72D D3, 19804FEAR D AL il R AR L7
FTHTZBIT AT 7 X M) — (Furukawa et al., 1987) %
XHEIPT (Kouchi et al., 1987) % H\»72QLLs D E M TdH
5. INHOWMREEYDIZ, ZOHBIMA LFERTEC
X o CQLLsOAFE R -5 b D L), S5 HDOWEH%
WESE B OBENR NIz, L LG s, ZOWEINE,
D DIFRDEARMZQLLsDIEA T E 2 MEHMAK X <
B0, B R—Ma BB LR TW o7z (K1)

C OB LIZRR DM, Fax D7V —THHIE L72ES
fRRECS BEMEE % H W 72198 1E, QLLsA S NEF THEZ S
NTWiz &) GEYTHY— 2B (E4AHRN) TE %R <, KE
RIER EOBBLEMIISE LTI A FI v Z7IZRDHES,
A — 2 W IRD 5 G HBAR ORISR BT AER
SEETEN) THAHZ LMD THLAIZ L7 (Murata et al.,
2016; Sazaki et al., 2012; {E G et al., 2014). Z DFE R,
QLLsO O # S 5 720121%, nmF — ¥ — Dl 45
fRRED AR 5T, Z OB LIEE LR 5 72D DEW KT
rRRE R WAL L 72 BT R TH 5 2 & 2 BIHEIR
LTw5.

AT, F9QLLsOHifG % % 0 B 2 72t ABmsE
LB REZMAT S, ROT, B2 RE % F
DR T-IISEMSE (AFM) 12 X AQLLsFHI 20y LU, it
KOERFEFIZ CzillE hodEr R s L L
DI, Thozwikl ) 2D ERELTEO—DOTH
B BZER T RAFM  (FM-AFM) (2 X 5384 OBFFRRF
EMHT L. RBEIC, WHEONMEILBERGTLZ LT,
QLLsO WAL Y 72 BRI IV 72 BUR Y 2 fli G 2 3R § 5 &
LEHMET S,

2. BRAEFIEMIRIC K DEHURIABHRE

RAFIZH72D, QLLsOARIEHEN 2 FLETREZE
TE&LbOD, ZOBNRIRD TR BN 2 A —
FHPBRZ L ENEETH -7, FHEOIIRT S
HRARIA A ZERT O 5 4 F 3 7 AWRETIE,
—HLTKORMEERS, HIZTofBiseEML 2
Wizex B L C &7z, ZOPTHBICHE - AR %D T
E72ON, WD THWEEGHE (v 7 A ba—2AF%—
¥ —) %5 L—— B ST EMEE (LCM-DIM)
THhb., REEZHCT, RS IX20104F 129K O XA
RICBU B IEAHATHLHMAT v 7 (FE40.4 nm)
DOWHALIZIEII U (Sazaki et al., 2010), 20124F121ZQLLs®
ZOMEREEZ BT L7 (Sazaki et al., 2012; {EIFIC et al.,
2014).

d (nm)

Tm-T(K)

B1 : BIRARE (QLLs) DIEH (d) DESHE (T, - T) k7FE.
Z DX 13 Gelman Constantin et al. (2018) DA BIEL72d DT
bb. BHFLLERBICEOEQLLsE 5T 5720, FHlL
TeBIR AR L7z, HFoR (1) LAROF ()1, FhEhE
SHRREEAEBMEE (LCM-DIM) 2 & > TS SN/, il
KB L OWRERQLLsDIEAIZHTIE S S (Murata et al., 2016; £ H
& flI, 2017) . HIHIRQLLSIZ DWW TIE, QLLsOMTIC & T
EEDNER B OPLETORKE S EZRLTWA. AFMIC
Lo THIE ENQLLsDIE A bk 4 2% L2kt ¥ VoK
VTRLTH Y, O (i) (FAFMIZ & » TH SN2 E A
DREDPZHAZRL TS, Fif & O<EIIFM-AFMIZ
roTHoNT—% %KL TS (Miyato etal, 2019). o
oo, B4 I TS X OCHERIIJEIC X 2QLLsDE
HATRENT VL. Gl 2 JUBIZ DWW, 53 TH % Gelman
Constantin et al. (2018) % & X 7zv.

Figure 1: Summary of quasi-liquid layer (QLLs) thickness (d)
as a function of undercooling (T,, — T). The figure is adapted and
modified from Gelman Constantin et al. (2018). The colored regions
have been added to classify the QLLs based on observation technique
and morphology. Regions (i) (blue) and (ii) (red) correspond to the
thicknesses of droplet-type and thin-film type QLLs, respectively, as
revealed by advanced optical microscopy (LCM-DIM) (Murata et
al., 2016; ¥ &I, 2017). For the droplet-type QLLs, the plotted
value represents the maximum height at the center. The yellow
region (iii) broadly encompasses the range of thicknesses reported
by AFM, with the individual data points from these studies shown
as gray symbols. The red and orange 'X' symbols represent recent
measurements obtained by FM-AFM (Miyato et al., 2019). All other
symbols represent a collection of historical data from numerous
experimental and theoretical studies; for a detailed legend, see the
original publication by Gelman Constantin et al. (2018).

212, LCM-DIMIZ & o T ik & 7K —H )V L
DQLLsD MBI 2 5% 77§ (IREE-0.1T). o Tlh R
Ihmaprge LTS, ELhrbHLz%o
I HoTHBY, WA EHIL S M5 1EAEI0 pm
A ZOMIZHEA L VR B -8R THD LD
b, HTWHECLZ2ERNZESEFH2S, Zhbo
Zef O S X EEOR /10002 H 23 % 100 nmA BE & B
H 572 (Murataetal, 2016). Sh ORI AA L
T—2DE Y REBERANLEETL2XHFBEIND
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K2 : KN—HIIEEDEFRTLFENZ LI-QLLsDEHEEE.
LBIILCM-DIMfE, FRBIZZ OB K% /RY. LCM-DIM&i
HBROQLLs (R =14) @ FAZHMIROQLLsH e » 7= [ H E Bk
EIMOMRETHD I LERLT0AS. QLLsDERFIZIIRDH
ATy 7 (BEM) RSN, BRAKFANEEEL TR,
ZOZ L, KREMABMEDTORECHLZ 2Ry, K
I¥Sazaki etal. (2012) X Y 5[ L 7. Copyright (2012) National
Academy of Sciences.

Figure 2: Direct visualization of quasi-incomplete wetting
by QLLs on an ice basal face. The upper panel shows an in-
situ LCM-DIM image, while the lower panel provides a schematic
interpretation of the observed features. The image reveals a "fried
egg" like structure, where droplet-type QLLs (a-QLLs) are formed
on top of a continuous thin-film type QLLs (B-QLLs, indicated by the
red triangle). The presence of a growing elementary step (black arrow
and black triangles) near the QLLs confirms that the observation was
made during vapor growth below the melting point. From Sazaki et al.
(2012). Copyright (2012) National Academy of Sciences.

720, TOWKIIBEERETH D L EPHISRL TV 5.
SHIT, IO OWERIEA L %7500 7 IKOREIIRIZ X -
THELZIDOTIERL, ROERMBFEICHET SQLLsT
DI ERRTIEN GRS /SN2 K20 REKEHT
RENDL LI, QLLsD T S ZIXTKROBALA T v 7
SR % B TV 2T 2R SN, A TQLLs®D N
WTAT Y 7HRHMET 2T b2 57z (Murata et al.,
2019). Lo T, KREMIMBEAETIE R QRESEN TS
D, QLLsld FHio ks & A3 245 R MM Tch %
CEEREMTTND.
INOSOEBEMBEFD L Lk EELMRIL,
QLLsB N FTEZOLNTE L) kK maekrly—
IZE D BAEFENORETIR R L, Y — LG % o8
FHENORETHDEVWIBRTHo72. ZOHFE,
QLLsSOE DL HWRZ 57201213, T OHEM R IR % 8k
LI BBV RRENATRTH S Z L RRBL TV
%, Fx OFFEHMSBTBIZC X > TH S A2 7% - 72QLLs

OMEIE, FICUTOZMICERNINS.

L MBSl — P F CToORBIN 2 H8IERY 7 h RIAR:
T BB TBE SN DR A% F o5 72QLLsIE, #
2T U LEOREE T, »2OKEREIVFHEHED? ST
NI ST GRESH £ 7213k F) 12BWTo
HAMBIT L. Thbb, KOSMEERLHIEL VS
7oAHER RS ATHEAT L T B I IS 0 B JE I IS AR R &
NBHHHEMETH Y, FHRBICES LHEHBT S
EDMER ST WS (Asakawa et al., 2016; Murata et al.,
2016; #F M & M, 2017). 73, QLLs®D HBIZLE
7 EEZ-0.5C TRI104%LL 1, -2.0C TIZH108%LL 1
L HAED ST b (Asakawa et al., 2016).

11 JERE — SEANSE AT AR 3 :
QLLIZIZ IR D ZHEII DAMBIZ, LA 10 nmFEEE D v
FRROEED GET 5. K2ORKENTREINS DD
COHEPIRDWHEKBTH Y, Z D RIZZEEADQLLs
HFDH T LT, FEBI % HEBE S R ORMEA R ST
W5, ZORRFERZEFRE LTHMSN, K
W AZ A L72AMHE OB 7 7 TV T — VA
& > CTEOREEDHERNICHITE S (Murata
etal., 2016; 4 H & £, 2017).

3. FEFENIEMIRICKDQLLSDERE

3.1 fERAFMEIC & BRIEEELQLLS

AFMIE, F ¥ Z A MB =A% =¥ — Okl - K
SRR O E NS, QLLsOIEAZ EIENET 2H T
RFLEE LTI S FS N T&7.. ThETE
LT, BEFEAKFITER L CBEHET) & Il E LQLLsD
HIE 2 R4 A3 AX (Bluhm & Salmeron, 1999), 41 %
KREMICEEIHESETHONDE T+ — AN — T %R
WL, ZOEA%ZERLT AR ST
FICEAMETIE, BEDT +— A — TR HFIC
Hwbhiz, ZoHETIE, WEPER@MISHELET S L,
S LREMOMICER EINEA=ZAA AN ZF LT 5
I & o TEBWMIKKRMIZH S FHFE 5N 5 RUA A
(jump-to—contact) & W) BHEMBM SN L. £ DOWf%E
TIX, Z ®Ojump-to—contactH B I 5 AL % QLLs D & ik
YR, RAZBIMT A8 ZQLLs— kKAWL AL, Z
DEZQLLsOEA LML Tz, ZoOFEICLD,
ZAE20T L v o 22 KIRIZB W T H 10 nmIZET 5 IER IS
JEWQLLSOFAE D ST 5  (Ddppenschmidt & Butt,
2000). TN HOAFMIZ X 5 HIEfEIE, MBOFEERTFER >
I2Lb—va v ICEFIMEL Y bR E AR M
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Zhotzizd (K1), ZOMRMOIELE % 20 DR L
DWTIEYRE2OHmSH D, FREFEIKEKM & OB
MBS EMIEEEZREZTT—T 14777 FOfF
TEPELBEITE L.

3.2 7—FT4 777 bOFRL [[BULQLLs] DR

Gelman Constantin et al. (2018) 5%, AFMIZ X 5QLLs
FHNCBI 2T =74 77 27 ORI BRRGEEE 1T - 72
Mok, AFMBIEICB T 2200 BEELER, §T42bbil
BER L & $RET DALV GBUKIE - BUKIE) 125 H L7z

B, WOPSHEER L0, EROEBRICET
LHIMEBRBEOARMTH L. KABOAZHHL, FHEO
Fr N —FRMICEVWERETHEZIT) &, WHSh
72 IR ZRTH A3 BE 0 785\ Z2 5 FR DK 85 7% MR 1 U2 B &
S TCL ) WHEMDA: U %, Gelman Constantin 5 1%, I
PEORKMMAE & TR % 5, WmEARISERS 2 T
B 2 NSRS 5 ERNTH L L FRLEZ 2
DWHABFET 2720, HESHIEEF v v N —NOMEARY
H20ITRKMICT 5T & T, WEEZ100£1%FEEE I Tl
WTEBLNNOBEEF v Y N—ZF5 L2, ZOBMERY
GBI AR THRE T CHE 21TH 2 LT, BT —T 4
777 N ERBIKICHERE L 7.

BT, WL AN EORE LWL 720, —f&
M 7ZBARED ) 3 Y HEHTM A, BiREO R4 (PY) I —
T4 TR TN THKERZITo 72 TOME, #
KOS 2 72358, QLLs& O RMIZIRWEHE 1 A8
&, WRBARDP RS ORI VG & RIF S 5B %,
jump-to-contact®d flf B THRE A H VKO VIAATL
FHBLRIIL ST, EAPBRFMEND Y A7 & Bk
I S 2T L7z,

ZLT, INB20DEHRLT =T 4777 bW
WZHEBR L7254k, T b biREAR Z R/MEL72TF v ~
N—=NT, BUKEOESZHWTELZEZ A, IhE
TUFEH & Ty 72jump-to-contactBL R 2S55 12T 2 L,
PREF DR BRI T 5 7 + — AN =T H o h
7z, TORRITIEDE, PESIEPHEIRREIC ST 5QLLsD
JEHZ, -7CH 52T OIEFH I B\ TAFMO R RS
THHI nmAkiTH 5 LAtz ZOHWQLLs & »
I RIE, XBELER S TEINEY 32— a Y Of
REDILC-HALTEY, REEDERIHT Z@mGI—
DOER IR,

7272l ZoMmEESET S ET, 28 Tl EAH
WEIC X AQLLsD ML AN EE 2 i 2 324t §° 5. Gelman
Constantin & [ZQLLsAFEAET 5 & W ) Fij$E 123D & QLLs
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B3 : FM-AFMIC K BKAN—HIILVE EDQLLsD#&H. (a) FBk
FEOBAX. (b) KK FIZQLLsAEAES 2 W 0 SR 1Y 72
T x—=AKh—7 (-24C). (c) (b) TRESN/AFHIHIGT %
e LORKRMOQLLsDFM « (1) HEHA KM HHEN TV 2
ARAE, (i) QLLsE ik L TX = A7 AWM SN D, (i) #
FHHQLLsMICRIE L TV 2 4R78,  (iv) $REFHSQLLs — KSR IS
F3%. Miyato et al. (2019) #{%. Copyright (2019) The Japan
Society of Applied Physics.
Figure 3: Detection of QLLs on an ice basal face by FM-AFM.
(a) Schematic image of the experimental apparatus. (b) A typical
interaction force curve obtained from QLLs on the ice surface at
-24°C. (c) A model illustrating the proposed tip-surface interaction
corresponding to the four regions marked in (b): (i) the tip is far from
the surface, (ii) a meniscus forms upon contact with the QLLs, (iii)
the tip is stably immersed in the QLLs, and (iv) the tip approaches
the solid ice interface. Adapted from Miyato et al. (2019). Copyright
(2019) The Japan Society of Applied Physics.

(iii)

distance

DIEBBHBRF LT Z o7 M L7H, 252 d
QLLsHAEDAEAE L T e o 7o & v ) WREE 2 HEBR T &
BT, EEPLETHD.

3.3 FM-AFMIC & BEIREEEEVQLLSDHEER

Gelman Constantin 5 OffF7212 L b, FHIREICBIT 5
QLLsI3 AR & THivy & ) FGE . S /eI /R 2 72,
COMETE S LICHRIET 720, FAlZIhE TOQLLs
FHCHWONTET Yy 7 P E— FAFME 34 &
% BT, X )RR O RIKE R T TH HFM-AFM
W72l E 21T - 72 (Miyato et al., 2019). FM-AFMIZ,
Beet 2 IR CIRE) S8, F oI LI OZE, ST
M 5. IS, A OEE TIIHD THEHW N R ER
ZFROPust Y —Z AL TB Y, #ErEkE oMz
AZAH AN EOENG)IDMENF- L LTS, jump-to—
contact% JE PRI S 5 2 L ST X 5.

EHIZ, KEZOHEESE, IEPEIREZ R I2H
32720, K3alR3MEOBREERIE S 2 7 A 2L
72, AFMEEE LR 2 KIOB A ¥ F 2 X—F — |2 AR,



Ik QLLs O Y65 - AFM %2 71

(a) LCM-DIM (b) AFM
*Schematic image =ZX scan

Reflectance 2.0% 1.8%

Refractive index (0°C)
Air 1.000

Water| 1.333 (4] U u
[lee 1309 | |

*LCM-DIM image *XY scan

Bare surface | |

X4 : QLLs#&HFEDLB. (a) =5 e uF M EE (LCM-
DIM) &, TR ICE > THMHE N L72QLLsD = v TV %
S L7 R 2R/ L. T, Ty VERRLTE-IIgemnE L
7eQLLsJE AL L 72365, DIl ay A T
HHNTLUErHL7-0WETHL EFHEIND. (b) FTH
TIHEE (AFM)1E, 74+ —ZAA—=7(Z () AF ¥ ) I2LoT
QLLsDH A % & IWIZFHIT & 525, FH WSS A 5
DT 4 —=FNy 7 EBTXYAF Y v T5ZLIEHETH 5.
Figure 4: Comparison of detection methods for QLLs. (a)
Advanced optical microscopy (LCM-DIM) excels at observing the
morphology of partially wetted QLLs by enhancing their edges
through its differential interference effect, while it struggles to detect
uniform, completely wetted layers. (b) Atomic Force Microscopy
(AFM) can quantitatively measure QLL thickness via force-distance
curves (ZX scans), but struggles to image the overall 3D morphology
(XY scans) due to the difficulty of stably tracking the soft air-QLL
interface.

BATLZERFTAORELIMEL ZERECHMT 5. 4
Y F 2 NR—F —NORE TIZIRIE % 100%A50 125 A%
LERBEBEOD, APHAT -V EORVF 2T
SIZHEHT LI LT, 27—V ETORBEAIREZ /E
DL, KOFMEEZFET HMAHATS 2.
COEBEEH, 24COIFFEHESEMT (RE380%) T
KREHDT + —Ah =T HBMWELI2E T A, HFEDEL
DOKFUENCHET D5 o L T 6, WK L O E A
MERESTLZHERTIPHBENT. 20T+ —R
B — T RPN L, X = 24 ADTBIK S WG 5
M SEROKRE (74 —AH — 7 OR/ME) T TOREE
ZQLLsOE A L EFKT 5 L, TOMHMIZH25 nme BAED
Sz (RIFxED). 512, FHEOEHESRET GREE105%
i) 2BV TH-20 ~-5COHPANIZIH VTS ~ 20 nmiL
JEDIE A ZFi o 72QLLsA I S /e (R fxED). Zh
1%, Gelman Constantin & 78[5 O P 3T 4 4 - (S £,
S1C~ 2C) TlomAdl & ey L7zt e, DIREICR 2 5
LbOTH 5.

— 77, e MP:TIE2C U Lo TP T LA
QLLs2SHEE S e h o 72728, FM-AFMGEHI O #f 5 & 1%

KELERLL., COFPBFEE2EHECHBET 2121, B
HT2ODOWREENEZE R HN5.

FE—1F, QLLsOREZA(LTH 5. KiIZ BV TQLLsAT
Y- eHmNE W E UTHERE L Tz, QLLs
DIy V%AV T A MEET SIS TILERHEA
Wt -7z, LI MEEETH S (K4a). L L, K4
13-20C BLF ORI T d e BB X o TR HifL A
Ty T ERBEL, ZTORESKERAEICHBICKET S
Z L RMENID TS (Inomata et al., 2018). H LHAL A F v
TPECHEARBIZEDNT WD A5, ORI
RGO ARIFT 2139 TH Y, BAKEOIMI Ok
RJEICHBEKAET S L13FZ I v LedoT, 20
I CIEBINHEZ T T E 2w,

HEOREMEIX, QLLsD Y A X 2SS EE o e R
RAeTHMzEWIMETHS. T4bL, QLLsHKIRT
DERIHRN DML E L THAET 2 b DD, Z D% D A
A HCEEBEE O KTV RE (i nm) 2 Ml %720, 3
WMTELDolb WHIRHTH D, EB, AFTHAL
72FM-AFMAF 2212 35> T H QLLsAE: < AEFE L 72 W 4 A
MR EINTEDY, QLLsAEHMN % A 7 — IV TKEI &K
FRICES> TV DI TERRVWI EDVRBREIN TV,
& 5|2, Bluhm and Salmeron (1999) 1%, %4 = Z#ifiEok (75
E~1nm) TIEHBHHDOD, AFMZ HWT-30T & v 5 i
TS HmUEEZRELTBY, ZoH 4 XI3eHEM
FEONRFGRELT O L DTH - 72,

BB DR % BEE L, KRB BT 5QLLsD K
DYREFIT LI LD, SHOBEELRPEE R L7259,

4. ERESERDRE

AiaTlE, ROBEBIBARRE (QLLs) AFZEIZx L, HRED
B2 ) B R e BiMEE (LCM-DIM) &, JEADIE
I & 3 9 5 B D BT (AFM) &9, 22 OAHH
W7 7u—F &Z#8A L7, LCM-DIMIZ, QLLsAS# i
NEVWIRY—LBEE L LT L 2O THITMITHS
W L7z. —HOAFMIE, HE R CldE JIdfiE {2 jump-to-
contacté Vo 72T —F 4 7 77 POMEBEL (T EF
EoTweboo, EFEOFMIER, FFISAR TR
L7228 )i KAFM. (FM-AFM) O83;128 ), €0
FAIZ—2 L7, 88 - KM oMEER 251 TlET
52 TG EZ M, RELNLEREFORE T
jump-to-contact % J5L B[ (2 [A] 8 L 7-FM-AFMIZ, QLLs®DJE
AT EEEOSVERN T — 7 21O THRR L7
T OFM-AFMEHINC £ 0, JEWQLLs Wi 1Ak i S 7z



72 R #, =F fhin, B

Z &id, QLLSHFZEICH -2 REz b 726 LS 2 5.

—7, TOFM-AFMIZ X 538 1%, #H-Rad R L
TWwh. Thbb, LEIOEWQLLsIE, M T
BB TE RPN w) HTHE. OV
THHENEHE LT, QLLsAMEI T — e aifnic
P A LB L B O MR IC A>T L
F o W EEER, RS RRELL T OMUN R & L CHF
LTV R EEZ 5N, TORGEIES %
DELLRETH 5.

COMEEM T, MATRT XD W T EOMMR
RIWGHICH 5. HFHEMBIIH S HFNORE, $4obb
RBEATOT Yy VERA LI EICIETTWE, #H—
BEAHENONE 2 T 5121F, Ndam X 95 IR T
W RO EEBRNT 2 LESD Y RETH L. —,
AFMIZ 7 + — A —THE (ZAF % )12 & o THRED A
BB L, ZOEREF ) A —VTERTE 5 (H3)
L2 L, ZOMWEIZHEAQLLsNICER AT %720, Rt
DIFFENARE H OREERINBICLG- 2 28B4 Lol
WEDREREN LD RHEP SAFRSH. & 512, BIR
TRAE LR T WA A2 %8 LGRS 5 2 & 25
W7 720, [M4bD X 9 IZQLLsD3RITCIHRERIZE (XY 2 * ¥
V) ATATw ARV, T X)L, WHEOHE - AEEIE
FEULLHEOMBRICH D, QLLsO &R E % I3 5 72
OIZIE, MEEZMAGHLEDL ZEDVATTRTH 5.

COREMEWNITZODORMNW LT 70 —Fig,
AFM & LCM-DIM® X 9 7 & 53R RE G5 SR & o [ lkg 2
DYBRYFERT LI L TH D, —HICAFME M AE D
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