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In situ observation of freezing processes
of single supercooled water droplets using a laser trapping technique

Shoji Ishizaka?*, Kunihiro Yamauchi®, Noboru Kitamura?®

In this paper, in situ characterization of the chemical composition and size of an aerosol water droplet is

demonstrated by means of laser trapping and Raman spectroscopy. Furthermore, the laser trapping technique

is applied to direct observation of freezing processes of single micrometer-sized water droplets in air.
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Fig.1 : Freezing of supercooled water droplets and subse-
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Fig.2 . Experimental approaches to study phase transition of supercooled water dro-

plets in air.
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Fig.3 . Principle of laser trapping of a water droplet in air.
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Fig.5 : Single micrometer-sized water droplet levitated in
air by means of laser trapping technique.
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Fig.4 . Schematic illustration of a laser trapping and spectroscopy system.
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Fig.6 : Raman spectra of a water droplet containing
ammonium sulfate (a) and bulk aqueous ammonium sulfate
(0.10 M) solution (b).
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Fig.8 . Cavity enhanced Raman spectrum of a single aero-
sol water droplet with diameter 10.694 pm.

E9 2 e PRSN, THIZERBERICEES 2 2 7m
DOHBERACHYE T 230, D% D, WCM DOALE LR 1
KT A X HTER DM § A 7 2L % S S L 22
b2z el%sd. Lied->T, =7 Y VHUNETRED
HRACADINRICED <, FUHBELFEREO SRR
~NOIGHPEIRFI NS .

5. B—B5HKEDFRGBEDEZEH

UK & L — W i R b R I JERE T
S S EAER L OFME R T2 L, E—h—7
7 A 2 % o7 BB TR 2 B L R
e (A - WEIRD) DKM ELEIRFFT 5 2 LT
5. EESF, vk EACHRERT €=
T kB LI B 22 TR O — IS IR TR R &
KFERGHIT 2 Z L1 E 5T, —60°CHRE THREEIHIN
KFEDEE T 2REF 2D TP A LA TEHEIT 2 2 L0k
WLt (M9)2. AFc—BELED (KM9I®), FM
WCMMND B % TN 7 R — AR OBRLFIC 26T 2 7Y
fzonlk (M9Q). ZOMKTHKTHZDNES
NETERT 220, IV A7 NVERHEIELIZ L Z
2, »v 7 OKERBRIC 3150 cm P 12 € — 7 TEAE L 72
ZES, ESHIKTEHEERE LK 2R L 72 2 & H3HE
WTEI. Fie, ZORIDKEPEELZSEDFEROD LS
BIEEA L2207 BREF L BIRII R (R410). DA ko
ER» S, LEOZEBOHRTIE Z - T 2 @ HIZK R O %
FlE, ZOBOBREEDET VRE, v —Y —Hitsk
RO OEFBEMEE T CHE LB 2 2 L3 A[RETH
% . EBROKFEIIIEERZ 2EE (8 NV UL, Filig
TUEZDARE) BERLTEY, IhoDEEIRE
DS HIAKFE OMERIRE R 52 2 Z LMo n
T3 Hiko k512, V—¥—iie - U ~
VoartEE e, WEIEEZ S KR A X 2K
T EWCHBRICETHI T 5 2 EA[RETH 5 . BfE, @
IR OIS 2 WEIRE OB e LTS »
TR ZERL TWa . %72, @SHIAREOMHEER
BIRE R AKHERCKET 239 ThHY , BFERAICE
DN ST 2 DHARER B Z D3 5 AL T g 3Dy,

9 : KA BT 2 s AU NKFE O BE ((NH,],S0,=3.5M, 213K), Chem.
Phys. Lett., 506, 117-121 (2011)>” X 1 #F0] %215 TRk .

Fig.9 . Sequential video images showing freezing processes of a micrometer-sized
aqueous ammonium sulfate droplet ([(NH,),SO, = 3.5 M]) in air at 213 K.
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Fig.10 : Growth of ice crystals in air 0 (A), 3 (B), 5 (C), 8 (D), 12 (E) and 15 min. (F) after

freezing of a supercooled water droplet.
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