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Single-walled Hollow Nano-tubes and Nano-balls Assembled from the
Aluminogermanante Precursors

Yungoo Song'*, Bui Hoang Bac' and Youpg-Boo Lee?
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2Korea Basic Science Institute, Jeonju Center, Jeonju 561-756, Korea

Ordered single-walled hollow aluminogermanate (ALGE) nano-balls(NBs) and nano-tubes(NTs) have been self-
assembled from the ALGE precursors having an Al/Ge ratio of 1.33 using simple pH-control. The hollow ALGE
NBs with average monodisperse diameters of 5 nm and chemistry of Al/Ge=1.5~1.6 were formed through struc-
tural assembly in the ALGE solution (Al/Ge=1.33) highly basified to pH=13(Na/Al=28~30) and followed by imme-
diate acidification to pH=9. When the basified solution(pH=13) were acidified to pH=4, ALGE S-NTs (Short-fiber
nano-tubes) with diameters of 3.3 nm, 15~20 nm in length, and chemistry of Al/Ge=2.6~2.8 were successfully syn-
thesized. Whereas the solution was basified to pH=9, and subsequently acidified to pH=4, L-NTs(Long-fiber nano-
tubes) with >100 nm in length were synthesized for the first time. The self-assembly of the hollow NBs, S-NTs,
and L-NTs form the ALGE precursors can be explained by the degree of H™-dissociation of the -Ge-OH inner sur-
faces, which was controlled by amount of Na* and pH conditions of ALGE precursor solutions. This results indi-
cate that target forms of ALGE nanomaterials can be synthesized by simple pH controls.
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B ogpoae @ H(Single-wall) -2E 2= WeF7]9] 4o Yl(hollow) E(Bal)d (NBs; Nano-balls), & 2
o] FE(S-NTs; Short-fiber Nano-tubes)d 2 71 Zo] FE(L-NTs; Long-fiber Nano-tubes) 22 %%lf& ZA
Al/Ge=1.33% 7z}= Aluminogermanate(ALGE) Precursor % &8¢ ©&3t pH 24 34 27152 (Self-
assemblyy B3 AFHoRE FAEAT WA pH=130.29] H7143s(Na/Al=28~30) 2 HF pH=9 F7A]
5nme] F23 IANE zhon, dlekrAel AlGe=15~1.691 %o} Bl 729 NBs7} M35t pH=132.29] &7
A3l &2 HF pH=4 ZZANME 33nmm AE, Zo] 15~20nm, AlGe=2.6~2.8¢] SNTw} FA =AU et
pH=92 &7148t(Na/Al=3.8) A7 ¥ #F pH=4 27NN V=-FE2 Zoj7} 100 nm oMdd LNTw Hgo
Z FAFAG. 0|83 Az ALGE Precursor2%E -Ge-OH FHolA o] H'-dissociation A& zpo], &, Nat &
2 HF pH =1L Sefosy oxshz Hejel ALGE WeEd f27t 7F5Ee AlAlei,

F0{ : aluminigermanate, 7123, U=-28, Y= FHY, o|rIdolE A=)
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H F7hollA e FufAl, B2, chromatography, &)

% on- r—a

& H(Single-wall) 72E zh= 1he37]9] £0]
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2ol AT oe] FaL ArH(Tanev ¢t al., 1994;
Schacht, ¢ al., 1996; Lin and Mou, 1996; Yang et
al., 1998; Huang, ef al, 1999). T}5e] Axx}Eo)
o] H(hoolow) E¥ &2 e AE=3HA T
(Mecking and Thomann, 2000; Zhu ef al., 2001; Yu
et al., 2002; Li et al, 2003), 9 ¥ 72 b=
] 88 B ARANAN AEEa, g4 7}
538 FAEFES <=9 <) (Allophane, Al/Si=1~3,
A& 3~5nm)°] FLslctHenmi and Wada, 1976;
van der Gaast e¢f al., 1985; Wada and Wada, 1977;
Wada ef al., 1979, 1988; Ohashi et al.,, 2002). &=
HAL Izl X3} HUAH(Wada et al., 1979,
1988; Ohashi ef al., 2002), T4 L=Hele] Fe A
A= (Poorly orderedys zhe AATF%, 28] FA%
A729 P ofER o= a2 LTI G W

He-RH 522 g4 Y FHY} 9E03 o] &
o] ApAlEe] AEHOR APy} o]FoiRA AL ¢
o}, 233 B9t vhesi, AL 8- vk
SANA Aol B 5 e AREE Ue-RHE £40]
FHZ N2 S F3 YrkRao and Nath, 2003;
Remskar, 2004; Xiong ef al., 2005; Mukherjee ¢t al.,
2005). o2} E (Imogolite)= A A|oA] A==
e 2o 8 72 Y RHY pAgEER, 3
8] (OH);ALOSSIOH, AlSi=2, A& ~2nm, Zo]
>100nme] 548 zZom, F2 427 ¥ 3
A2 2AZ 31 Andisols ESlA &3] AR
(Wada et al., 1970; Parfitt et al., 1980). L=<l
H)aled AAE7} Tol Farmer ef ol (1977)] o) &
o] o]foiFl o] F, FZ7o] A3 ol &
203} o|R F2|EE 25 ALLOH ZHA ¥ 9
(Outer gibbsite wall)?} S-F Si-OH AFEA <] R
H(nner wal)e2 TAHY TZE ztoy O A
|2 247 By 9 REEPOE FRIE AR &
Bx UK Cradwick ef al., 1972).

HZ AFoNA olRZTolES FARR TRE e
Al/Ge=26~28, AE 3.3nm, Z°] 1520mme] =
EB3 Aluminogermanate(ALGE)”} ALGE precursor
ZRE] AN FFH R FEHEUTHWada and
Wada, 1982; Mukherjee, ef al., 2005, 2007; Levard
et al., 2008). 2&} o|rZeto|Ee] o7t >100 nm
gl Aol vlE] wi-¢ & dolg Zher) Bk A 2
AR o3 EEHAFA AN 2o, #EI A
7] (Monodisperse)2] Al/Ge=15~16, XE 5nme]
*-23 ALGE”} ALGE precursor2%E 97487

oM Hzx= FAEATBac et al., 2009). °|HF I
< AFAIHE 7|22 E d7dxe T 249
#% ALGE §9°2RE st pH 288 53 ¥
714 H(Basification) 73148 ALGE Yx=-23
(Nano-balls, NBs) ¥ oz}, MstE 53 20nm
o|3}H(Short-fiber nano-tubes, S-NTs) 2 100 nm ©)%
(Long-fiber nano-tubes, L-NTs) Zo]E &2|sh= F
ZF9 ALGE ‘e=-5E 3 Nano-tubs, NTs) Al
AFEtRen, 1 AHE BAsalkt gk, B A
Ave 2o} F2HoE Aol i U EY ¥
o] &Ho| 758 Ye-FEY 2o $84E A

24 & g Aol
2. BNAE W EAuwH

2. EMAH

o g (Single-wall) 25 zte Wie=7|9] o)
Wl NBs, SNT ¥ LNT 39 e AlfGe=1.33
o] Hzx EFEA d7I4s € M3 A9 A
APz 2RYH v #HL B3 FHHIAUT

(1) 2mM AICL6H,0 4-2of] Tetra-ethylorthogermanate
(TEOG, Ge(OC,Hy), 99.95wt%, Aldrich) &
Ag AYGe=133 H|E&°] HES ¥ F 1A
T AEA EFstach o IFA ALGE
precursor’t A/d=%10m™, pHe < 3.8 A=
e et

(2) &g F YFES 0.1M NaOHZ 0.5 ml/min
9 £52 pH=13Na/Al=18~20)°] HEZE 7}
et o] & ZulZ 0.1 M HCI+0.2M Acetic
acid g4 05ml/min £52 7IsjA Zuke
pH=9%, =] Hukd pH=42 z}7} 235
o}, z} A 5898 ALGE-1 2 ALGE-2E2 ©9
sttt

3) T/ UmAE FYE HoZ pH=9Na/
Al=~38)2 ¥ %, vl EFE ol &3l
pH=4=2 ZH3Ht}. o] A|58%E ALGE3o=
Hsidnt.

@ 991 TEAR 3 AEERS AN 3/
9 AsiAl Ao &, 95°CollA] 5Y FF Aging
A=

(6) ALGE 7} A8 NaCl E31-8 4= WS
7¥8ld FAE-S Flocculation A7 &, AAH
Z(sol)2 YAEZIAL. «§7]9] 12M HCI &
k-9 715 ¥ EXukDialysis bagl ©]&-8iA]
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Fig. 1. Schematic illustration of the experimental conditions of ALGE-1, 2, and 3 for the synthesis of ALGE NBs, S-NTs,

and L-NTs.

FRgoll ol 3d B¢ FEAIATL

919 ALGE #3414 < Fig. 19 Sl #2 &
A & 2 e FHAAEYE(TEM, Transmission
electron microscope) &S #13] Former-backed
copper gridell Hojmg or UmA|= FA7%(Freeze
drying)sle] Edsleidnt. 2 Jd3e F3 €
ALGE-1, 2, 3 A5 ¥laE $i8f Mukherjee of
al(2005)2] HHES ulgl ALGE SNTLE gAdsiyict
(ALGEef). ©] W2 pH=52 %<l &, #F pH=45
2 2388 oA Ael7t Utk

2.2, MUY

TEM #3237 9979 A54AE
Omega-filter X7} £24 JEOL JEM-2200FS TEM
& o]&3f] 200kV 7oA HAIsKATE XA 3)4E
EX(XRD; Xray diffraction analysisye £ZAZH
AIEE e g MXP 18A RINT-2500 XRD(MAC
Science, Japan)2 ©]83}ld Cu-Ko radiation® 2 H-
A, A FFEAEFTIR; Fourier-transform
infrared spectroscopy)¥4]& Perkin-Elmer Paragon
1000 ol&3kd AABKATE 2412 1mgd] ARAE
9} oF 170 mge] KBrs E%st Pellet A|gt =
Transmission modecl]A] £33},

3.d &

A8e =3 ¢HY ALGE-1~-3 A& 2 ALGE-

ref A8l thet TEM &3 ZAE Fig. 200 AASHA
t}. ALGE-1pH=13 %78} ¥ pH=92 ZI) A&
= Bac e al.(2009)2] AT U 2AA T
€ Rolt}. o] A8l thE TEM #2745}, 5nme)
AT 2719 &o] ¥l = ¥ 7 NBs ALGE°]
AEHon FAHIANSES ¢ & UrkFig. 22). AlGe
H&-2 15~1692 VRt Y% ALGE precursor
2 pH=42 233 ALGE2 A|29] TEM 3243, %
£o] 33nm, Z°]7} 20nm °}5te] SNT&7} =S
4 HoAFETHFig. 2b). ©] Ed2| AlGe ¥1E2 26~238
2 Ueldth. ALGE2 A8 Mukherjee et al.(2005)
ubdo] olaf PA4E ALGE-ref A& (Fig. 2d)2 9%
3 etz gYsitt. oy pH=92 97143}
A7 & pH=42 =49 ALGE-3 &9 7% ALGE-
2 @ ALGE-ref 9= €3 ¢ 100nm ©)’d9] L-NTs
7b AAEATHFE 20). ol TFAEEEY A B
3 olmIefolES} A HE|R ALGE precursor
2 FEEe 22 THE Rl

Y Alzel g XRD 23S Fig. 39 AAEA
th. ALGE-1 A8+ 364 2 23349 uj$ ye 34
7+ 24} ol ¥ AA 2 A L2999
34 ol 34 2 22RWada et al, 1979, 1988;
Ohashi et al., 2002)7} tS-dr}. 3dtolMel Fole
Si A@dted T2 W2 EoJ7t Geol TR DX
719 7k AEH, e ALGE NBsel 433
ol AL omgthFig, 3a). ALGE-2 2 ALGE-3 Al
B9 XRD #d 7 7I€9] SN AlE¢! ALGE-
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Fig. 2. Transmission electron micrographs of (a) ordered single-walled hollow nano-balls(NBs), (b) short-fiber nano-
tubes(S-NTs) of ~20 nm in length, (c) long-fiber nano-tubes(L-NTs) of >100 nm in length, and (d) reference S-NTs of
~20 nm in length, synthesized under the condition of ALGE-1, 2, 3, and ALGE-ref, respectively, as mentioned in text.

refe} 79 B3t oF 33~34AH 714 2 7
AZEE 7Hed), ol Overall packed T2 (100) 9
I ABE o' YeFHo) AES AXEH, TEM
£ B HY dad vx-FE A2 Ygxgr), sl
8338 B4 Z=E (001) Wl 28 84 = sjyEg
(Fig. 3b~d)(Wada & al, 1982; Mukherjee ¢ al, 2005,
2007; Levard et al., 2008). L-NTs ¢! ALGE-3 A&
oA (100yH M 7ksr) Bo) Fest 712 100 nm ©]
Aol ARE e BEH Tz M st Adne
Hkgshs 2o siadn.

Y AR Uigt FTIR 242348 Fg 49 A4
3rh. NBs¢l ALGE-19 NTs?! ALGE-2~4 A&

Alolelle frAkeh PR B33 AlolE Bole Hio]

VERTE, WA ALGE framework 320 7)0)8he
AOE Hol= ALGE-1 Al89) 422 9 562em™ &5
= ALGE-2~4 A59¢] 420 2 558 cm™t &4~ wjg}
ZH YxEldch, whde] ALGE-1 NEoAE ALGE2~4
Ao BHEE 466 et F4 wrt LR gt
tHFig. 4). 400-600cm™ 771e] 5 W=& ALO-Al
bend mode®} AAE Aoz LA glovi(Wada o
al., 1982; Mukherjee et al.,, 2007), ®37]xle] o=
NBs¢} NTs FZo4 9 2jo]FS wtgshe Aoz 3
M Erh NBsg! ALGE-1 Al8olA] Jeh)= 746 cm!
FF wle Al-O-Al stretching modes} dog Ro=,
NTs! ALGE-2~4 A8 690 cm™'3} g5 Ao
2 Rti(Fig. 4). ALGE-1 A|89] 844 2 906 cm?
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Fig. 3. X-ray diffractions patterns (Cu-Ka) of (a) NBs, (b)
S-NTs, (¢) L-NTs, and (d) reference S-N'Ts, synthesized under
the condition of ALGE-1, 2, 3, and ALGE-ref, respectively.
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Fig. 4. Fourier-transform infrared(FT-IR) spectra of (a) NBs,
(b) S-NTs, (¢) L-NTs, and (d) reference S-NTs, synthesized
under the condition of ALGE-1, 2, 3, and ALGE-ref,
respectively.

&< ue ALGE2~4 AE9] 828 ¥ 928cm™t &
wol g, ol AL-O-Ge?d}t Ge-O stretching
mode, &, +Z Y GeOy APAAQ] FAFZ} Jad
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R8-S NG Wada ef al., 1982; Mukherjee ef
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o} ¥1 F22] NBs7} B4=Uct pH=13229] ¢7]
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3l -Ge-OH ¥H¢] H'-dissociation AxE7T WolA|H
"2 NBs Brh= NR& A|28e & 4 93 Axs
art. ole} fAHA, £ ATA AR fxdE
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