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Thanks for your interest on the “sweet ice” problem. Perhaps I should
say “fragile ice” instead of “soft ice”. Please imagine frozen orange juice for
example.

Sugar molecules interact with water molecules through the hydrogen bond-
ing, whereas there is a Coulomb interaction between water molecules and ions.
Some sugars fit quite well to the hexagonal “holes” in the water network, and
hence it can be solubilized into the water enormously.

As far as the freezing is concerned, I think there is no big difference between
salt and sugar (or alcohol).

(i) There is a general behavior, i.e., the decrease of the melting temper-
ature. This is due to the gain in the mixing entropy of the solution. Below
this decreased melting point, pure ice coexists with denser solution at least in
equilibrium.

(ii) However there is also more complicated specific effect. It is likely that
solutes act as blockers against the ice crystal growth. There are only small

(but many) domains of pure ice crystal and denser solution fills in between.

Hence the system is fragile.

EOANTHUT, 7o TIVRONSIEBUTOX S7EFENE /. BAMITIIROE
RIZERL TNk,

In French and English this is called Sorbet or Sherbet as well (Sorbet is
water-base ice cream while sherbet is milk base). It is soft because it was
frozen under continuous movement and steer which prevent formation of large

ice crystals. I can assure you that if you put sugar and water in your freezer
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you will get “hard” sweet ice like an popsicle. Of course it depends on the
temperature but at around —20C even sugary or salty water will rock freeze.

Maybe the crystal is an hydrated one. Many materials have such crystals.
But this doesn’t mean that they are soft. It does mean that they are fragile. I
know that cholesterol will cystallize in hydrated form. Many organic molecules
do.

I agree to your opinion. If indeed the temperature is not too low. But
this is exactly what one has with salt as well or with many solutes that are

expelled when they interfere with ice (crystal) formation.

RICT >TNRAAT 7 AV RERFER (A AZTIV) D A7)V - TIVNDT LT
HERWEDBETI NG, BRAIIINTAZITS VR REOATI - vy 7 &4k
T, KOZERIZBITHKKEET 2H/H L[] ZENTNEDT, > TAHNUIKDOE
MERTHD. TOIINTLDNSIILTOX DIBIRENET.

It’s just as you (Andelman) say. The expulsion of sugar from ice crysalites
prevents them from growing to large size, and keeps an unfrozen layer be-
tween them because of the melting-point depression. The little crystals then
slip across each other when you bite into them. Sugars are also used as “cryo-
protectants” in storing biological samples, to prevent shearing by crystaliza-

tion.

TV OB TOKIZAS T, BEREHHAKD R AN E 5ICFR B ERRTN
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IBI, UM RBEOVay Ty IO T =5, TOTIIVRUEBLUT
UUFOaIA 2SS, Ty b I U7 7y —I3WEROB D) S MRE O E
ZRNTWBHEETH O (9], NS KBEDBYRMREZA > THBHITEWRN.

Yes, it arises because of a morphological instability that is generic to the
phase diagram of the binary system and the conditions of solidification and
generally speaking we know that water solutions are highly unstable. The
instability is one slaved to the diffusion field and results in a cellular substruc-
ture of pure ice separating regions of high concentrated solution and hence in
bulk it is “soft”. Additionally, the impurities enhance the defect density as
well, and this is well studied in salt water. I wrote a Europhys. Lett. in 92
describing the instability itself and then a Geophys. Res. Lett. in 97 on how
convection influences the problem of relevance to the growth of ice in the polar

oceans.
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ATCLEDTEH O D7D TIEHEBRWNEEBY, TOHEEDLUETRHESYE
TWEEEET, EOAINTHEXELZERD, KBEZEBEDITNTOY
BWKERIZWET 203 TR, DLARFTSHOILERICENTT.
KEMMIZHEE L TOKDOHBERECEHEZBE bDELT, L<HA5hTNn3
BDIARRLY >N TERS D F9. IO AW (F2E) NE DK
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R NDETY. ZOF AL TOREIIERMETEAEN AT
52 ENHMENTHY, ZTORMMEEKERDD 2FEDH ([20-21] ) DT
FIRNIZIE —T B2 EBHLENTVWET. I, Refifbsy > /N7 BN KE
AL > TKORMIEE TEHHETY. Ry > X BOKEERN S
B> 72K, [20-21) IO RRESI IR HIFIIN D Z &0 5, HEICIERIC
REZHENEHROKERD 97

KOFFRACLOBREI ZHD THBI TSN INETHH 7=,

Ty b IT 77y —ORPNORMIL 15 I LB E, KERMTECFET 2 BERKRD - &%
Y v —& (mushy layer) ] EMERE S, “mushy” E1EX TEAE AL EWHEKRE.
ORI —ENMSNOTHEREZHEL T, KEBERKRD X 5% 2
EoTNBHLEEX LGNS, Iy —EIIRCBENESVOT, BLICHERKDTHKE
N EE (FERERR) TERW, EWSZERFEZ SN S, KT BT 2WHEIIEHIC
FHLUBWDOT, BBRISEAS. 2L, TTREROFNSEHEN TS L SIT,
MR ZD TRy —@) ® TXZOHE] ORT—IVNE OREN, LWHTETH5.
WHEOBEMRECRE, RE, NHBEERECHKETSESS.

7 INER - BUEB XUR A

BHIOBM T ENF v L INTHSH—HEE, BEMOTsabioivilz, =
ZHOBMTOT o —Y— LRz, BHADERZENRTHY, KOO TRELDE
BEZBZ TN Wz, FHUL, 200 cc DKIZKREU 3HOWEEWSEBTH S, Fi-,
WEELUMI R ERNCEZ 72 5 L,

N5 H, ZORATEAONZRBEWVAGEEEL T, IEBESE T+ AT ES B
ZaBAL 7. BMME—AR—Y EOHRET—EBL <TNZ0bW0WIRnoEn, 7o
T =IO E R VWL ST, —E—AIEEICEKEBE>TWARTT, H-
THLRAZSESH®H 7. KFBHEND DD (INHE) THBENWIA AT E
ATCLULESTZODBLNEN. A2 E a—DIEIIMABEND ZEICkE S, Z0
%, BHOBAZ 77y 7 ATRORO LU=, BHOMRK L, INETOZDTNIC—
DATHS.

HRZIZSAT, HoEVOHMICNERICE>7-. 2L, FOREOKBIIZ, don<
TLEICMERS5 &, FIEOT/NN—hTHROS Y WE—KEHALE T, SEahlB
KU THBDBRNZAS. ZHIITFEIFICHEEY IND -7 Eic, NSO BbhaH
FHBAOTLEN, TTEBNSRESTL 3L, $TIRBEAY v INTBRON TR
LW, DOEREBRNEE, I<SICALBEY OREAED 3. STRICHOHRITE
BHJT, BATHMZEE>TWEONI<bhbRnEE, ZEIFERL —XERYXO L

DICBATOKMN . MBI U< TLUE>-. A< UTHEAICRSR Inx
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KERED ) 13 —BEL .

AHE 2 — NS FBHBEED 2001 4F 8 A 14 HETIIE—» AU LORREN H- 7.
8 A LANC, Z“ERERANR T NHK BEOREEMT, V1A U—LENEK
DHEEL TWz. NEREDOT TN [5DESONEKRDIEDT | ZIFET2EN50
T, FEROARRE ] bRETHIICL TOWIZEAL bRZNEBY, FLEORICE
fFiFicizo7. L, AFIEOWRNTERZK (FK) ZIESZNENWD T ETHH. £
DI=DITITETKEZBBEI T TP ZRE, ISR TELRIO-IDEHKHIE SR
DIZ, KO AS BB ERMAT O LA TEATLSHEETHSES. ZHLTT
ETKIE, HENCEBITESZKEDBBHATH B, KICEDKEKTES L THENEK
BICAND &, KEANEEL, DAIRTARZHIDTZEIBRSEDSDDKNTELEND
ZETHS.

FRERT, BXETEITohskallko7z. BWHRKEWND T &3, T2 EREMNR
ELTW3EEZILNS. £5THNT, EWHLKEHIIHYENITTHS. T5&
MEARN TEDSED] LTWEENIDIX, HolE6KOHID FITEKFEL TWBDE. ¢
TG ERZ TR, BIRKEZ2S>TLEo>=0nbL Nt WS REITED
niz.

FLTHXBRD8 A 14 BZ20x7. #&%, ESAGEZEZY NLT, ©ORELR
NEFLEDRITEHNAEEADRFD. BHaOH T, & D5P5EEHRDO D BITMEKD
FEEEIGEL TWEEDITHS. [BVNERNEZ K THRLLTZEDY) T IH, Zhik
iz ) ERW, DU TIThNRNd 5. LML, T0%RO [ A1 H0EZIS
HUY| T, [z ohEKbWTS | EWRBEEEZB>TLES .

KIZHWEINWENZKOHEFR Lo, BRI ZORTTRAENS, BHKEHRS T
MEKEEDEILISITRDZEVIFEAND -7 ( T5DSD | ENHSRIRWDOM
W TEBES ) KEHEINTWE). EXINOBREINZ 100 NN EKBERIESY
2 —RTIE, 8 AMNKE D BWHIKEHES B2 FZ2 XL . RIZHOBREMNRIN,
KOIAA N XERNTE.

[Fp¥EKE RS B-HDIKDBEEDNEL, 2EBAR DX SR
BEICAH>TWBREWNWDZEMEZONET

BEIC L CThThEBOERETH . #HTHHIOMEE BL5OIIERTHLNDEDT
H BN, FBEBEL TWRIFE OFEMRIIZN- 7=,
BlZmE, 7o A= arvEf-oTUTFOLdRFL—ahnbork.

[EAEOPBECLDE, WHAKEREETHSE DL, BRIIKICASLT,
BRETKOEREMTETWEETY, FITAKETINEIZH ST DEES
T9 |
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[AKRMRF S TS T, BRo2WBIKDBEITELS > TWEFT. =
DR LIRS TZBIBAD, KOBREOREZHTET. Fo-0, KiIEb
BAR D OLIBIREEI D, KETTHESIEREDDBTLENARS, &+
DTENRBIENDESTY

FERBIIKZHNTH S &, KEGTTES K ahanrEn EEAN,
WHKZES T D ERNTHA D E, HBEHESNL, HIDRTNI E0b
MO ET

MEIZ HEHIINW<S DONBEZ SN DO TN, WHIKEZHESE S & 24N
FZONKIRBDT, ETHISISELIENEIKNTES, EVWHRE SO
T9 |

TR, ZRADT A NNKEBEKONEZKEZAENEN, X5ICOZ2RHTHEAD
FNRBNL NWESN, BBRICHFEDUERN

[EHMICEDTEHBLEST I

EUMNIERSEEINNZ. ZOHD TFRERFORE | ORBERII 21%TH > 7=,
BERENTZHBAA DY Z A= a i, BT —HaEAkNH 0, FOHRTIVI
BANSH S ZBIZHIRL T, FAEAEREL TRESREEENWSIBDTH 7. FhiT
ONT, MEHEDTWSHHEKOBREL BRI EIIICTRENTV . RELTWK
DIENEAFNS SNAFPITIZ > TWe DL, A< > 2 - v h—h REehsZET 5L
ST7OFT a—Y—IT7RNAALENSTH o7, B AA, ERICAATIIE DT
720, ZOHFITEL THREKR TR, HH2FNSERO AN EZZT-. <Y -t
H—=HALERDFER, KO (TRITWZIET) SAFIZEZDIEBENL WO TR WD,
EVWSTHERMTH . RICAAFIC/ZSELTY, FRUIETEHOBHFHICERT S
ENWSHDTE.

ZOEFHETE<ELVWL, MWEHETWE., DULHRET S E, %Y, BHEANEZLEY
ZA=TarTIE, KBER (L) DFFEEAEABREL TV XSRS TWEDT, 75
W50 EERLE. BBAATY D A - B H— I REEETHROTFENITEARNVO
T, NAFIZIR D EE27IXTIRRBVWOER, BHZ RS EI > TWEENWH T LT
H5. FHAEFORFEZE A AL EEBEDNZN, BELLHFINZHEETH 2.
FEWED A DOEDED,

[NARIZRADTTIRWR, U A b h—hAREZEENRT S, K
ABIILIEDE 7 Z A= a > DHEE, EVWIBKRZEBZIZEVWOTL &
M ? )

DEIWEFZEL SHML TTFEoTWeDTRLLEZ. 7270, FOBDOAILOR
DEDT, TOMENRRAEOEMXTH S Z EMNHBHL, F2HEPvLiz.

— 363 —

NI | -El ectronic Library Service



Bussei Kenkyu

WER AT

M 3: 7AAZ ) —LADEBTEMEEE. alIKOERTEEY 1 XL 50 um, bITER
TIEY A X1 100 pm F2EE, cVIRBFEDOED. TR [16] &L D Ex#.

DNTIIBRTH &, XHER[16]ITET A A7 U —LDOETFEBEEENE > TNS.
IhzeRlas, 7TAAZ =LK, BoTWRWIIEK, BLRO=ZDOESNITERIE
VIR IIIN T a>THETENMI-ZFDRATENS. TAAZ)—LEIEBRATII,
SHEICHBL TERKERVAEESLIICTS. TOMBABENICEST DD ERDT
WaB0DZ. BIZWBEAKZHROBEHE, YA AU —LEZEEBRUIALTRWEASSNS,
KEENEEKODHAIREEL WD DB EARKITIIIEL WERS. BHTHEDLNZT = A—
varbIRFEEI BN

8 #pUIC

B3 ARBOBFITEO NN > TERZEIHTDONT, BEDHR[7] Zic U THER
LTHE. ZORBETIEDE0MFAL o720, FEOBEEER—LR—Y LITB#EHL
Tl A, TOURIKRERKENH >, EBE, BHERRNEICET M, FEA
EXALINEBLCTORDEDTHY, INENSOERZENL THR—AR—JICHE S
T ETRKOEBHRMETL TWo/z, 270 2A2@EET, RAIA > F—Fv hDF 1
FIXLZGEZRH->TERLUE. E2EXE, BRINIRELZEEoTWEZZ0HEEDS,
ZL<DPFHELEDOR VD OHFT, RPN SITHEREL AT EENT S, NEKEE
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WEOZER-> T, BARBRE2FECWEEWEF4, KE2ES>TERZLTFE o2
HRIE, ZOBZEED THEIBHOFEZEL W, PTHYHERZEMET 28U
EEAET O 27 MO F KX, #OFMHLEDZERTRNWT EZHT 572017, B
DE LT D EBRETV, TORBREER—LR—Y ETARL TV [17]. HE->THHEHR
ROBHENRE EIEOEBRVWRBELREBRIRODICOREIIEHEZEL TWHWEEZ W,
—HT, 47—y bREZITHMAZE DT TU FNRBVWTEHNORITH 52 L1
RIZ bz, RPOBMFv > BV OFETIE, 2O TORZMERTHE ST 25H
SINBESTWEDR, FOLIBFRBIIVWESTIZEAE ZLIZENTH 7. R—LX—
PORMBIIFITHOOEENMNETHD. —HTRICES T, KREEXAAT AT D
BREZZ IV ONTELERVERTHH . TOR, TFERORE ] »SEHMOD
WHEITZ WA, RACE S TH Z ORFORBMITHRE TN TERIL DN B L IR,
BEIZ, JORFOUENKNBIENTL o722 6%, AEREEDR/IINBERBX
VBEREFICBENL 20, BINEKOWEEBNRTIUL, ZOREEZFEDBHIEIITE
oz, HWIZLKFAOB NIRRT, FRCRFMNRANRICEAL TEARTOREETEED
T B5/RNOTEN, TORIZDODNTIEREORHL Z2WEZEWn, G056 THMNT
BREZWEETNETARZEEVH<SES. RIS EOE Zid7=2EC T

MRRDBARKEESICARDOERZ HFEMTRL

ENS ZEEFHINELU TEAED, BOTEOHNIET THIHEL TWZF UL Z DK
 XOHMIIEL =2 &S, E0HAT, ZOREN (YR oM E KT8
W EZBDENDTHS.
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