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Abstract — Effects of continuous oil phase on silver halide nanoparticles were investigated where nanoparticles were
prepared using two different types of water-in-0il(W/O) microemulsions containing silver and halide, respectively. Phase
behavior experiments for ternary systems containing AOT surfactant, hydrocarbon oil and aqueous solution of an inor-
ganic salt showed that the region of one phase W/O microemulsion was found to be broadened with an increase in the
alkyl chain length of a hydrocarbon mainly due to an increase in hydrophilic nature of a surfactant. With the informa-
tion of phase behavior experiments, silver halide nanoparticles were prepared using different AOT-based microemulsion
systems and photomicrographs obtained by transmission electron microscopy indicated that about 10 nm size particles
of relatively spherical shape were obtained. It has been found that an increase in alkyl chain length of a hydrocarbon
results in a decrease in particle size because of higher intermicellar exchange rate among microemulsion drops. The
average particle size was also found to increase with the inorganic salt composition of initial aqueous solution.
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AOT W/O vjo|AR2odds o83t d2AIske LA} AlZellA
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Ao A JAE AT F = FRE 7 ik gk Rk
ZQ1 bulk &Y ZefelA o] YAt Aol nlsto] Y=ke] A7)9} o
A% o] golsiu, Gz o= st A A A2
Eo® lste] A€ ke :bg/do] e Hojuht dlE =
| wlo]Adloju} AAuto] AL F-2} 42322] u]MHE-g-7] (microreactor)E
2-g-to] Hhg-=o] 7Hg-3k¥ s AR wlo] Az EA 7712 w]A|
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s 2L o119
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7] "ol 24 E4S 718-3Ksolubilization)A 72
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TH22-25]. REAe]| nfo]FZodd A|AEE o] &8t g2 zlske 1}
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3 SRS Uiz} Azl ol AREE= AOT Al EAA]
A|l2ElofM A @ Aksdol o] Wiskel 14 8ele] v
7F A3 W dAE 7] Yl R, @Ell(morphology)E Y-S
22 nlo]IxoHH Afo]e] ¥hg &5 S intermicellar exchange
rate®l] U|X] = o] Tsl] LolEIt) o]F Q5le] E A oA
£ rlolaRedAE o] &3 RS YRt AxE st
AOT A&/ JA| A 2~gle] gt g s st L}‘I—?JZ}
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o] A9} wxoll TRF L F= I 78N F wis)

of whE Lheglap B4l ghalo] Avfmgltt.
2.4 °
2-1. A=

AgBr} Agl?] 2 A3 YRS A Z517] 95k silver
nitrate(AgNO;, Junsei, 99%, Japan), potassium bromide(KBr, Junsei,
99%, Japan)?} sodium iodide(Nal, Junsei, 99%, Japan)?] F7|&%
AREEIg o, wlol AR AXE fst AMEIA R S0l
AAEHdAIQ1 AOT(sodium bis(2-ethylhexyl) sulfosuccinate)s A&
SF3T). hH A7) 2 # 1= cyclohexane, n-heptane, n-decane,
isooctane(Fluka, 99%) 5] B8lAE- Z42F AR89 o1 | A7} A
Zo| AME B2 S 2 olwd FAE AR 37 SRTE AF

g3k

2.2, AlBIXIR| 9l Hp
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AOT AAZAA] A 2Elo] tiste] Tdite] w/o rlo]azeld
o] A== Y9GS 8] flate] A8 E A3E it
o]& 913l U7 13 mm flat-bottomed Aol AHEAIA|, 2.
831 g9e] 2438 Bt ZIHEA] A digo] 5go] HA Al

EE Azt 2 Aol SEask ?JXW] ZE 9t Ag+
£ 3ol rlo|lazedd7 SFEASFEBr 22 NS X9
mfo] Ao WAL 7 7| FR7F Bt FY A4 Eﬂo}
o] 28] AlBE THEOlA Folli= AgNOSE X8 T8-S, 1
231 Tk Folli= KBr 2> NalE X8t =8-o08 717t H7ksio]
NS AxegoH, AR A 71F0 R 0~15%F A
33Tt

AZH AlE= oA (vortex mixer)ollA] oF 207 wHISE &

£0.1 °C7H] ExH0] 7Vsdt dezof Wil 25°Co F g
o] ¢s] PPl = f;‘u\ o] ] ERst 5 FESIRIT vt

oA EA A JoL A== AETF F NG doE e
At} lamellar liquid crystalline phase(L, )2 Z10]%i= AAE-S 7]
O sto] AH3ISltt. 91714 lamellar liquid crystalline phasei=

TG For FeE AlEshE g St o o] Erbs

B2 cross polarizers ARE-5109 ﬁl'ﬂ’} Rom, Qe A& Az}
S ulgo g AWEA|, A5t 2, F719 82 AR A
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28l thgt 238 ¥ S (phase diagram)E 2Md3I3ITt.

2-2-2. AR IR} Alx
RF Al A A dyEEE d2
o] ZoHA Jo FollA AOT AHMEIA|, A%A oA, Tl

AelEl FAol wel 0.1 M AgNO,; 7888 ¥gst nfo] g 2o
A3t 0.1 M ZRASHE 8-Ng 22 23 F T2 W/O vle]
Az dHAE AZEet. A F vlo]IRANEHAE EFe &
wAlgE YA Az} -8 71414 A S 2181e] ultrasonifier
(Sonics and Material, USAYE AR5} 25 °CollA] HES-AIZRS 15
o WA e AYE T Al kel A7) 1l
X% 183 morphologyell 3t FHi= 100 kv7kA] 250] 7}
5§} transmission electron microscopy(TEM, JEOL-200CX, JEM-
1200X, PHILIPS CM-20) Al 298 F31o] A0, TEM A}
7 BAYE QeiAE 220 FRE A Al AE F9 bR Al
£ AF3te] formvar®} carbon®] FEE copper grid(200 Mesh) $]
of AT ths @S A flste] ARellA] sk g3t 1A
ZAZ T Z73eleh. A SEASR QIAke] Hit =719t B
¥ image analyzers ARS31O] ASIITH3, 20, 21].

3. 20} 3 nF

3-1. 48 4

Fig. 19 (@)%} (b= AOTE A& IAZ A8-3F KBr} Nal®]
F719 88 AlEle] tiste] 147de] @ 9lo] Wl w/o mt
olaR A P4 Yol vl Gl Ast Ay AAE vERd
Ao PP = vebd AARE Z17e] AlAEeA L] mlo] 3.
2oflHA o9& AAsk= A 78 TS UER Zolnt. 5,
ZAAA ofefell sish= Ao T o® EAsks W/O Hlo=L
ZodAas yehdH, A vz ol sldshs i 1) 4
G-ollo] 7t wet W/o vlo]A 2 "H A7} excess water phase
7} BEE olF = T ACE EARE oS ek Zlot), & A
oAl AHE-gE KBrith Nal 77190 +8-9] ZA-9-9} 53 =5 At
31 A0 mlo|aEedA ¥4 JA9E vlwsl] By, 771 &
Lol AMEHE A7) Bk 52 ool Tdide] wio mleola
ZoHd S YERQITE. o) 789 el EAlsks o= Al
7] (ionic strengthy’} <71kl whe} AR A J4 15 ARe] 9
74747124 WbZE (electrostatic repulsion)yS 71451, o]of wlg} 7
2] packing densityt= 57}t Ho] omjold £How TS =
o7z Eo] o] 7HAs] whitolth20, 21].

Fig. 12] (@)%} (b)ell Vb A3E v]wsl B, FU5 A8
|4 Nal =89 A|4glo] KBr 89 AJAE B} ok o b
FGelA molaRed o] FAEE A& & e, ©
22] A717} Na'7} K8} vlaste] 7] wizolt), kA &
Z719] KBr} Nal 78 A" A ARE-§F A7)
cyclohexane, heptane, isooctane, decane®] =0 % A& Zol& ZF
HABIAZ] B, AREC] Zo|7t ZojASE AMEAAe] 1g2do
S7F17] wlstell ©dide] wio rlolAZ o dd ool el
ol 2 Ay eA AbEsk 9 FolA A& dolvt 4 F
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Fig. 1. Effect of continuous oil phase on water in oil microemulsion
region in systems containing AOT surfactant, aqueous solu-
tion of inorganic salt and oil at 25°C; (a) 0.1 M of aqueous
solution of potassium bromide, (b) 0.1 M of aqueous solution
of sodium iodide.

—o— Isooctane
—0— Decane

cyclohexane®] 7-F-, 259 ] A|HEA are] -3t @ AkE
Atol 9] s ahgo] wl-g IR AABAYA e FEOE
cyclohexane 77} golataL gz o ojujoldl £0 7 T
S0)7R= 78919 ofo] Aol ARE-st thE 2 F} nlwsto] ul
- Zomw njo]ggoHHo] mlg- F JelA] FAEHSGITE. o
S B0l AOT AMEIA 555 15%7H] S7HIE well= v}
oA HA Yol 4] 2 EA8h= 0.1 M KBr 78
e 3.5% == w9 A9kt vhde] 2 3ol ARk 2
A oA A&l Aol7t 71 71 decanes ARESE 9ol 0.1 M
KBr =&-fo] Ftlj oF 7.19%7}4] T3] nlo]azelrdd el &
= lct. A heptane, isooctanes 107 ZHzt ARGS9
o= BF n-decane®] 73-9-HTl= ZHA|7t cyclohexane¥} H] w5}
& JAolA mlolF 2 AE Fdsiior, AAEA w5
5 15%7H4] S7HAZL A-9-olli= oF 5.0%2] 0.1 M KBr 7g-ljo] i
2PEe] FelE EAehE Bl nlo]azedd gojo] AT
gRlgk = USiTh

QA 2909 ARz o] WME7E 0.1 M KBr 589 Al2Ele] W/O
nfo] T o Hd A Fooll mX|= FFES 0.1 M Nal 7719 Al
Al FUSE AES YERASITE Fig. 19] (belA] & 5
50| cyclohexane A]2~ElollA AOT 55 18%% 73S wl
o= wlo] AR HA ol A4FEe] FEE EASH= 0.1 M Nal 7
SAe] L 6.5% HEE g A9k} Whdo) 2 A EelA ALS-
§F 2 FollA Aze] Hol7t 7Hd 71 decanes: ARESF 73-9-elli=
0.1 M Nal 5=8-%0] Htf o} 12.6% 7k @die] vjo]= 2o
el 8-3l1=]Act. $1H heptane, isooctanes A0 R 242} ALS-
3k Zf-olli= B n-decane®] 73--HUh= &A%t cyclohexane¥} H]
Wl B 2 JoA mlola R ds A1 oH, AdEA
Al EE2E5 18% 7H] S7HARL Z3-Folli= 83% 452 0.1 M Nal
F-&dlo] Frlte] FelE EAlshs Tt rlo]AgedH Y
o] EAIBIATE, K3 heptane?} isooctanes 217t AASA @ A=E A}
St A9, vlo] AR A ol Ade] FelE EABRE 0.1 M
Nal 57193 4=g-02] ke 0.1 M KB} H]wsod 3 =jo|7} ¢l
At o]efgh ALt 2 U2 AkE Ho] Wislel] mE wlide] mio]
AZ2oEd 4 G B3t A= 0.1 M AgNO,; =802 3¢
o= T A JERNSITH20, 21].
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9] FE(curvature)?} PRl EoHA N2 Alo]e] AFs gl oJaf
o] P& ¥ H, o= interfacial layer®] 738} A& 2] &
ol gJste] =2 AAER= Aow defA T3, 20, 21, 29-34].
oflE 5H, A& 299 A& o7t TR wlo|a Rl HA
9] radius of spontaneous curvaturei= 5/}l Fo 7HE-3l= S
SHA| E|ut, widel vlo]azedA A Alo]o] s lEe] g3k
T+ Al F9 FI5 Zo|(penetration length of interfacial layer
during interpenetration of droplets)i= &7} Eell w2} Aol
< 378l 7HEERE sl Hick whEhA] ) 2.9 wig)
7} mpo] AR dH 2] 7HE-slel] mX)= FE T G 1A A
2]l A71 2]3le] At Fig. 10 YR AOT AAEIA] Al
2o 8] 99 Al Ho| F7E T e miolA e dA Y
of| M= o aol] st AP At oJebd, nlo] =24 9] radius
of spontaneous curvature 57} o] nfo]|F 2o tHH Nz Alo]Q]
Ao F7} Aol nisle] dtidor & As & 5 Ak et
A 2 A Aot TUFE Tt o R EAsh=E mlola e
HA Godd 1o oA "o} 18y 0 Al o STl u)
2} A A 35 (aggregate)?] AAntol ] HEI rigidity= A
Aoz HAsHAl HH, o]gfst Avk= Wi IR Azl QlojA
ALY o T AREBHE 20 FRsE Ak Holeoll wet wlo] AR
HA Alo]9] BES- £, = intermicellar exchange rate®]] 932 1]
2, weba] AdEE ke A7) 9h xR Feg dS v
Z 4= QITH3, 20, 21]. AOT/isooctane Al2~Elolx] 9] K ZAHEA]
Al(cosurfactant) AF& o] F7te] uhE wre] wlo]a 2o E A
A el wet A3 Aol gJshd, nfolA R dA A2 2 A
2 =2 W/o vlo] AR AL Eofl st 7183} 582 nfo]a R
oA AHS] spontaneous radius of curvatured]] 2]} A8t =
& & g Qlon, uebx REAUEIA A dolr) SUFE
= iAo 7 EAskE vlo| AR A oS 7AsITH21]. o]
o} o] wlol AR HAL] ol thEh 7HE-3} 532 RAAELA
A A o], A% 242 A o] W molar volume, AW &
A F57] 9 4577 W3}, salinity 5ol QTGS = A
o7 d#A QT3 20, 21, 29-34].

AT AEF 298 ARESE Aol 1oJA AgNO;, KBr, Nal
Z47}e] 7719 % Wz @Al wio rlolaEedd |4
o] m|R|= Gkl Hslo] AL AJBY A3 AHE Figs. 2~4
off JeRAIth. AFfellA & = 15%°] AgNO,;, KB} Nal 74719

70
AgNO, Solution

100

Heptane © © 20 3 AOT

—eo— 0.05M AgNO,
—o— 0. 1M AgNO,
—a— 0.15M AgNO, |

(@)

—&— 0.05M KBr
—o— 0.1M KBr
—e— 0.15M KBr
—v— 0.2M KBr

70

0
KBr Solution Nal Solution

100
0o 16 20 30 AOT

100,

1 Cyclohexane
Cyclohexane ® ™ 2 30 A0T
—e— 0.05M Nal
—=— 0.05M KBr —a— 0.1M Nal
—o— 0.1MKBr —a— 0.15M Nal
—— 0.2M KBr —e— 0.2M Nal

(@) (b)

Fig. 3. Effect of concentration of aqueous solution on water in oil
microemulsion region in systems containing AOT surfactant,
aqueous solution of inorganic salt and cyclohexane at 25 °C;
(a) aqueous solution of potassium bromide, (b) aqueous solu-
tion of sodium iodide.

70

KBr Solution Nal Solution

100,
0 10 20 30 AOT
Decane

Decane 0 10 20 30 AOT

—o— 0.05M KBr
—v— 0.1M KBr
—4— 0.15M KBr
—o— 0.2M KBr

@ (b)

Fig. 4. Effect of concentration of aqueous solution on water in oil
microemulsion region in systems containing AOT surfactant,
aqueous solution of inorganic salt and n-decane at 25 °C; (a)
aqueous solution of potassium bromide, (b) aqueous solution
of sodium iodide.

—a— 0.1M Nal
—=— 0.15M Nal
—O0— 0.2M Nal

719 s5E T7HRel wet 93] w/o rlolAzedd &
’d o] FoAH, o3t H2 A&/ 2URE cyclohexane,
n-heptane, n-decanes 717} ARS8t 73-9-oll = SU3HAl LERITE. ©]
T SollA AEgh uke} o] =808 Aol] EAfsk= o] Al717t 5
715kl whel AHEVIA] 1573 IF Alele] FH714] whiee 7
A3, o] wje} wlo] Az HH AL packing density”} 57}
alA o] Suio]d £How T Fol7hs 78909 gol et
7] whizoltt, oldst 771 i Ttel| ulel @dde] wlola =
ofiHd geojo] sk A AgNO; 7719 7842 7d-9-llA
T 5 l8iTH20, 21].

M

KBr Solution

20 30

AOT

(b) (¢

Fig. 2. Effect of concentration of aqueous solution on water in oil microemulsion region in systems containing AOT surfactant, aqueous solution
of inorganic salt and n-heptane at 25 °C; (a) aqueous solution of silver nitrate, (b) aqueous solution of potassium bromide, (c) aqueous solu-

tion of sodium iodide.
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3-2. LIQURE HIZ=

A& 2ol TRASR: theSiAF FA miAlE dFS Y
Hekon o]E fslo] A&Ate]l AR A cyclohexane, n-heptane,
isooctane, n-decanes ZHZ} A1) RS A|ZSITE A A
SRR APANE PO dlo] St 2 Fiell #AI
o] T mlo|ARAEAE 2= S Adsto] 2] T
7F viesiAbe] A7) 9l 23] vjAe Gl vt Ads s
Qo Addela Hdeigh delite] wlolamedd 2L dek 7]
FOF 15% AOT, 82% 2 1831 3%2] 7719 F&-0]qlct.

TIgo R EASR= W/O nlo]a2dd 9 o] 74
cyclohexane, n-heptane, isooctane 18]31 n-decanes 9542 2
2 Z17F A3 A, A0 R AR 24 0] Fell #AIGle]
A3E Agl A 237 ] A 22 8-17 nme] 7+l 77k 9
A5 Az 4 ATk TS Ankd oz 909 ARES] o7t Tt
S APGEE IR i A7)E FoAH, whdd] s &
ol Z1& & & Uk ARSSE A% @Y FollA 7P A
9] n-decanes AREFS A% AAAE A AT ol TR
o, Bt A A715% 831 nmEA] - A2 Agl ViSRS
Az 4= ST whdel] 7Hd 2R AKES Zh= cyclohexane®] 7
Folli= 7 71e] wlelARoHA Apolo] yhg- £57t v AlAH] Ol
nlato] 7hg =2)7] wltol] BAE dAke] ATt 497l w4
= o A AAAER oM, et UAF A7) 17.24 nmzA] 7}
T A719] dAPE ABAEQICE g A4de] 2R n-heptane
3} isooctaneS Z1ZF AREEE 7350l AAE U-dxle] Ht 7]

B0 - PEF

S} el £ 210)7F SAATE. =, n-heptane?} isooctanes &7 2
AR 747} ARg-sh 749, AdE JRKE] B 271E A 1278
¢} 13.26 nm% n-decane®] 7J-$-HUR= =11, cyclohexane 7-%-}.t}
= Attt whel AdE Ak s A2 93718 8672 A
n-decane X UH= Z 1L cyclohexane¥} H]w3sle] Sk

A& "slra 29U A o7t ST AAEE Agl
QIA4) Bt 27\ 25, W] 7k S7 R AR Aghe
e dAh A dollM e el = QISITH21 AR A5 e &
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Fig. 5. Effect of continuous oil phase on AgBr nanoparticles in systems containing 15 wt% AOT surfactant, 3 wt% aqueous solution and 82 wt% oil at

25 °C; (a) n-heptane (x100,000), (b) n-decane (x100,000).
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Fig. 6. Effect of concentration of KBr aqueous solution on AgBr nanoparticles in systems containing 15 wt% AOT surfactant, 3 wt% aqueous solution
and 82 wt% oil at 25 °C; (a) isooctane with 0.15 M of silver nitrate and 0.15 M of potassium bromide (%100,000), (b) n-heptane with 0.2 M
of silver nitrate and 0.2 M of potassium bromide (x100,000), (c) isooctane with 0.2 M of silver nitrate and 0.2 M of potassium bromide

(x100,000).
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