N ELS S s

X#NE - LARMELRRAIEICL S IV 3>
RTDT7IVh iER(EBIEDEHERE

BIEIG M SOk kb g AR AR T277-8561 MM 5-1-5  HARR601
B BB ERRERER A MER TR T739-8528 UL By i 1-4-4
MEBESE SO KR AR AR T277-8561 MMM 5-1-5  H#kk601

B 5 XHAEE & IAAEELORBRIEZ, 0.1nm 25100 nm 27z A8V RERBRES & ORI ZEAL % JlE T
T, V7 T U T IVORGERITNICELEH L FETH S, ARTEZO—FI & L OKPMER T IVY 5 VRIS T 57
W/ EELEROR L BT 5o kTG X /A « INARREL & DSC & ORIFAIE? &, Kbl <)Ly 5 vk
TO n=NFI T H VR EPREEEROBMEOTEEHICK X KKFETH I ERIN, IHICXA 7B —AX
MELFR OFE R HANFYFH VBN OREZ REICEEIZ L THEBEL TS EDBHLNC - 72, TNHORERIT

IRy 3 VHERTOR LS, MKRIAE L 2 RETEH—BIVBLERIC K 5 2 L e mL T 5,

1. [RU®IC

n=7 ) (CHanio) 1EBRALKTE DN EAFNRS & CE SR
CHE 72 DTHY, BE, Bk, REEERCES T
REDY T T IUTIWVOEKRELLZMWEDL DTH
BV, L Lo, FrcimZEhic >\ TR mgH
¥y <, BIETOIR I rThohTh5, 7
WA OFEFALBRERIC DWW T 2 DO 2B & 28
LN TWAHZD, 15H I bERIC kT 5 8% e
(B TFOELMBIZFRFESIL TW55, 5 FOREEY
DOETEOH HEZEE L T Wi TlEEM (rotator
phase) CMEEN5) OFAETH HY, EHRMHAILES ML
KBRS BZEHTHD, REBnOKMT LD
NHBRIE D, O 1 OO LR ELT, TIVA
VIMERALIRE X D EE (<3°0) BWIRET, KA
OHBMPEERIET L2 MmO TS CRHFEMmIEE
% : Fig. 1(1eft) )57, T HD 2 DOBRII T IV /b
ICRRE RS 57 OICEE R LD TH L, FRHIAPE
TE VBT LRERHI6D n—~FFH (C16) IZDO\»
TIVI R B 25 %\, 199941C Sirota 512 k1 C16
DEFEF 2 X AR EHTIC L 0 10 TEEl S, @ENZE
B OFEIEN CL6DFEMLIC Il W TEE A % - L
TWBH T EPRBEINY, IHIT, RERBIEDOR R,
B, RMEFEMLICBW TR IN LD EERETH S Z &
WIS > T 5D, LA L Sirota 512 k5 Cl6[ElEx
MHORPE TIT—,ILd SAXS, WAXSHIEZHWTE
D, [EIEFHOBEIESHE & 85mA 9 (8] s HHMEICZ L >
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Vapor water

Crystalline
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hydrophilic  hydrophobic

Fig. 1 (left) Schematic view of surface freezing. Monolayer crystal-
line is formed at the air-liquid interface at temperatures up to
3°C above the bulk freezing temperature. (right) Schematic
view of O/W emulsion.
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Vg VHTORRLIE 2 D B ik wy, BihdEol
KBTIV A v EEUL T 584, fEibEERELD &
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ez L C, SAXS-WAXS [REEHIIEDOF I DWW
TN 5,

2. SAXS-WAXS [FI&RIE

2.1 SAXS-WAXS NEZ%

V7 BT TIVIRRIA WY A I 7z - TR 7k
EhTT, e 2IFFiR2ICET LD, B5FEMET
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Fig. 2 Hierarchical structure of polymer.
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LENAHDT, WHETIE SAXS-WAXS2 KIGHIEIZ DWW T
w5,

2.2 2RJT SAXS-WAXS DEEREE
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M X REGEL) & ORIFFIIE 7z & B {TH T\ 52829,
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% Fig. 310" T, ZDNHR% VT SAXS-WAXS [Fjik§

Detector for WAXS
\
WAX
X-
ray ]
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Vacuum |
Detector for SAXS

Fig. 3 Schematic view of combined SAXS-WAXS setting.
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DSC / \
X-ray AXS

WAXS _/

Fig. 4 Schematic view of combined SAXS-WAXS with one detec-
tor. A small beam stop is placed just after the sample in ord-
er to reduce the air scattering.

sample
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DORBE IR, PISEENE L 7R e g4 5 2 b n
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LT, BT SEIERL Y 21T S E IS RO T —
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TEHFELNEL > TW5h,
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Table 1 Types of emulsifier

Number of Carbon

Sample Code (hydrophobic part)

Hydrophobic part

Tween 20 Lauric acid 12 (saturated)
Tween 40 Palmitic acid 16 (saturated)
Tween 60 Stearic acid 18 (saturated)
Tween 80 Oleic acid 18 (unsaturated)

3. SAXS-WAXS-DSC Al ICL BT ?
Vo aryHho CleERILBEDER

3.1 HBleXREE

eI & L CCl6# AW/ 0/W =)y 5 V/TH
%o REHIAMB AT CHB SN~ A 7 0F v 3L
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L Tid, Table 1125007 4 B = 7o, FUALATICKHE
IC1.0wt% FRmEEA A RmL, ok, =ik THIL
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BL-15A & SPring-8 D Kk K &EAMH L — L5 4 v
BL44XU |2 C4T 5 7z, Fig. 412 BL-15A39) T O LR E %
R, INOCAEERIF A 18— L b i3 bz, K
O£ (230 mm) @ X # Image Intensifier & f A & H &
7- CCD M X i H w30 & v /oo 3BT A 5 —8 D
DSC (Differential Scanning Calorimetry : /RZEETEE )
ICREE L, MEaY Fa—L 1T -7, Ak E B ED
RIOEHEL160 mm fE CTh D BRI\ AL HET S &0
W CTd 5720, FABHEHKIC 1 mm BEOHBEOY — LA
by TaRE L, B XA 1RSIz, BLA4XU TOER
Bl & RO LD TH 57, #HHE I3 Imaging Plate
(IP) #HVT\Ww5%, CORMBIIELBHEEHEITETH
D, 6D IP &ZIHK, Bl «FHALL « HET H720,
SOMRBRE DM THELITO &N TE H, TD/D,
Pk D IP % /il & T, it L 7o KR T RE &
o T\ 5,

3.2 REREBR

Fig. 51C IP IC X AWER =/~ 4, CI6DORERBEICI W
T, SAXS, WAXS 3tz Cl6OZ &R OEELIC In 2
THEZEHEROBEL BRI SN TV A, FELY T
T b, EZEHEEROBELTHEAL, ZEMHBRkOH
HoapE N7 (Fig. 6), & TEREIX N7 #EZER
DRGNS Sirota HOBED L —FH L TEH, Ty gV
B W T b S ERIC Cl6 A mlEE 2 &b+ 45 2 L2
IRINIW, TTTHETRECZ LIE, UETO®RE TR
Bl 2 AR R O BEEL O B L I3 IEH IS/ N S 2 - 72 (850
Fr9fE) OITKL T, FxDOBEIETIEEREIBEIE SN/ &
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rotator phase
(scattering vector = 1.49 A7)

rotator phase
(scattering vector = 1.63 A1)

Fig. 5

(left) SAXS—-WAXS image of C16 taken by IP at 13.3°C—12.8°C. Two characteristic WAXS peaks, which are

different from the triclinic structure peak are clearly observed. (right) A blow-up of the central part of the left
figure, where the SAXS peaks from the rotator phase are clearly seen.!¥ Images reproduced from ref. 14.

scattering vector [A ]

e
E rotatorf1st muifnicznu.';
.;: l ‘,.tricg.linicmt : 3
= i =,
2LF rotator 2nd iz
@ j i 1 @
c T H [ =
S = R
RS EY 1 AN ] E
SN T N N
E _:?Q::jﬁht“:
O U T avern e e .|, rolalor, [
020 030 040 050 060 070 1.30 1.40 1.50 1.60

scattering vector [A ]

Fig. 6 SAXS (left) and WAXS (right) intensity profiles during cooling of C16 emulsion droplets from 14.2°C to 10.1°C.
The cooling rate was 1°C/min. The exposure time was 30 s and the interval between the data acquisition was
around 25 s (the profiles are offset vertically).!4 Figures are reproduced from ref. 14.
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7o, BHLTIVY gV TOREREPIO T~ ILY 5 VO
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TEICHERL L DOAEEZ L T AL D 5,

Z TS, ROk B EBB 2 W/ 572012, 2
Ut SAXS-WAXS-DSC [FlIRREITE % 35 Z 75 - 7= (Fig. 7)1,
11°CAHETDSC OV — 7 B3r b ERDIRD 5 LT, &
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LEZDBND, ULEDKRNBIT<IVY 3 VNEORS L
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—— rotator (SAXS 1)
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DSC & Scattering Intensity [a.u.]
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Fig. 7 DSC and time evolution of scattering intensity profiles from
the rotator phase (SAXS lst), triclinic structure (SAXS
2nd, WAXS (g=1.36 A-1)), and halo during cooling of
C16 emulsion droplets.!¥) The cooling rate was 2°C/min.
Each scattering intensity is arbitrary in scale. (lower) An ex-
panded view of the marked portion of the upper figure. The
results of the scattering intensity profiles from the rotator
phase are shown (reproduced from ref. 14).

\\\\\QI “wﬂfi&xg}f
RGN i

liquid => rotator => friclinic

Fig. 8 Schematic model of crystallization at the oil-water interface.
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B
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B0& VeIV g VICEW TR EIEEH A BIZ S his
P 7o LT, Tween 60 H\W/oT<)IVy 5 VTl
JER ICERF ICRIEAEROBELABRAISh T 52 & Th
%, Fig. 6, 7 CHEERAHANPEH S Tu/z Tween 20% F W
7oL<IVY 2 VT, EHEFHRR O#EL 23855 75 72 1 Fig.
I CTIHIT LA EBEINRWT & B4, Tween 60% H
W BRIC RO AR PRESI N T WS L bbb,
DICHIT, Tween 40% 5% Z & T, & 5IC[EEMER
DWELFRE AT C LRSI - 7219, Th DOk
Rk, REEERIOBMERT<IVY 5 VRO T IV H v
A LICHRE LY 52 T SFE 2R L TEY, kR
HIZ LA IV s VRO LTEHIHO R el & Rk 4 %
LDTH %,

4. 2414/ 0FE—LA SAXS-WAXS FIAIEIC
EB3INaryPRTHCI6ERERMD
e

ERom», SAXS-WAXS-DSC (2 X Y #& L1k 18
RRICEB T 27 IV v EERHOFAEDTEPD B, ENO
LA AE PO > TWA T EBXREINZ, Ly
L, Ty g VORI umIZHL T, HWTnwhE—
LAY A RF0OS5mm BEORKZINHD, SHICHAHDOE
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VD B OBEL T FRFICEZ L TWA Z ik b, £
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Fig. 9 Image plots of scattering intensity at the initial stage of crystallization. The ordinate and abscissa shows tempera-
ture and pixel (corresponding to the scattering angle), respectively.3”)
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= i - O

upper side interface
# . LA

1.

lateral side interface
| :

2

8]

3

Fig. 10 Result of scanning microbeam SAXS-WAXS.!5 Black cir-
cle in each image corresponds to the scattering from a sam-
ple cell. Scattering inside and outiside the circle corresponds
to SAXS (long chain) and WAXS (packing of alkane
chain), respectively. The SAXS-WAXS image from the
center part of the crystallized droplet showed an isotropic
scattering pattern, while the SAXS-WAXS from the upper
side oil-water interface and from the lateral side oil-water
interface showed an anisotropic scattering pattern.
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Observation of alkane crystallization in emulsion

droplets by SAXS-WAXS
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Yoshiyuki AMEMIYA Graduate School of Frontier Sciences, The University of Tokyo,
5-1-5 Kashiwanoha, Kashiwa, Chiba 277-8561, Japan

Abstract A combined measurement of SAXS and WAXS is a powerful tool to investigate hierarchical struc-
tures over a wide range of scales (0.1-100 nm) and their time evolution. We investigated the alkane crystalli-
zation in oil-in-water emulsions by two-dimensional SAXS-WAXS coupled with DSC. It was shown that the
crystallization of n-hexadecane in emulsions largely depends on the type of emulsifier. Microbeam scanning
SAXS-WAXS clarified that the crystallized n-hexadecane molecules align their molecular axis parallel to the
hydrophobic base of the surfactant. These results strongly suggest that the surfactants at the oil-water inter-
face play a precursor role for the crystallization.
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