10 4 Volune 10 Number 4
2004 12 ANALYSIS AND TESTING TECHNOLOGY AND INSTRUMENTS Dec. 2004
(193~ 203)
* e
/&/f% ’@:9 ;]% )SR
(JHEFEAFE HRBEEITRERARA, T EHK  541004)
R 125
: 0657.33 A : 1006-3757(2004) 04-0193-11
( Richard. P. Feydrman)
« 2 [15~ 18]
21 L, [19~ 24] .Troupis[zs]
21 ; SiW 12040
[26]
, [27] aFe, 03 [28]
[29]
(STM) !
( TEM )[31]
1 (AFN[) [32] [33]
(2] '
[3) [4] (3] '
2
[3] [6] M [7 [8]
_ 9
10 ’ s
Cds R ( )
[12]
13 .
(CTAB) ol (Rayleigh)
[14] .
, . ( Rayleigh)
: 2004- 05-09; : 2004- 06-28.
( 200365001) (014401) .



194 10
[34 B
[41] ’
' ’ [42,43]
- Ti/ Si
( ’ -
) , ,
: NO,
. (Rayleigh)  ( ) ' AgMgFs
, ,Ag
412~ 417 i
) Ag 9 9
134
/2 3/2 1/3 2/3 2 3 2.2
(35, 361 1928
Ill'
2 2 2
2.1 (4 »
) ( SERS)
( )[37] [45] ' [ 46]
SFRS
[1] 7 [ 47]
’ pH N 2
i SFRS pH ,
« ” L 381 SFRS , SERS
C&S PbS  7ZnS 2 SERS ,
[ 39]
390 mm, CoH19SH (4] 14
s 436 nm,
[40]

80 nm

B



A 195
¢ 413mm ) ( ) )
[63]
[ SERS
[51~ 53]
2.3
' (
(200~ 1000 ) ) ’
20 90 >4,
200~ 1000 mm , B
’ ( ) ) ;
, 1995 :
() (7.06% 10* Hz , 425 nm)
, 7 ) 12 (1/2% 7.06%
[55-57 10" Hz, 850 nm) ( )
[63~ 65
[ 58~ 61
1/2
[62~ 105 ] ’ ’
[67, 68,72,87] , ’
’ 651 L7
. [63]
, 2.4
( [106].
)
: ( )
(
7 1g/L
D) ? : )
( )



196 10
[107, 108]
, (
(HSA) ) .
CdSe/ CdS( core/ shell) "™ .
HSA K,
K , K ,
HSA ) ’
HSA - ,
, HSA , , (
’ - ) )
’ Cdl'e / CdSe ( core/ shell)  CdSe/ ZnTe( core/
shell) ,
2 9 3 ”» _ _
(
) (.
. CdSe/ CdT'e( core/ shell)
, 700
( ),
~ 1 000 nm, 57 s  Cdle 47.4 ns,
( , Quantum
Doy 19 Cdle 120 3.6 |,
( ) o .
5 2
10"L/ (mol * cm) " (s CePOL Th
00— 2 000 ' LaPOy( core:  shell) 0% [ue
~ nm . ,
L Si Ge : ’
: C )
’ ’ [77,84,89, 91,95, 96, 101]
S5m 4 nm s :
) 5 CdS HSA
Sn0> ALO3 TiO  Fex0s H3A ;
[89]
[ 112] , .
[113] DDP
AmS , _ , Stephan '
DDP AgS ; (
; . )
, Patra '] Er’”
, 7102 , 980 nm
550 670 nm



197

81 SERS :
1323 "SFRS
DNA Les),
, SERS ,
[ 51~ 53]
[ 118] 1.
[ 119] [ 109]
[55~ 57 , )
1
Table1 RSS of some nanopartides in liquid phase and their analytica applications
P 0. 14 mol/L H,80, 0. 2~ 20 Ug/ mL [ 78]
Cd** 0. 18~ 0.36 % 10™ *mol/ L. Rh 6G 0~ 0. 04 Hg/ mL (S0S8)0. 41~ 0. 82 ng/mL
0. 16~ 0.32x 10 *mol/ L. RhB 0~ 0. 06 He/ mL (FDS)0.57~ 1.09 ng/mL [92]
0.15~ 0.30x 10" “mol/L BRhB 0~ 0. 06 g/ mL
0.16~ 0.32x 10" *mol/L ERhB 0~ 0.06 Mg/ ml
ar- 2x 107 '~ 8x 10” ®mol/ L [ 67]
Se 8x 10™ °~ 8x 10” ®mol/ L [ 63]
HSA 2.0x 10” ¥ mol/ L HC, 0~ 12 Mg/ mL
8.0x 10” S mol/ L[ Fe( CN) 4] [ 64]
C 0.45~ 45 mg/L [ 78]
0. 15 mmol/ L. PMA HSAO. 1~ 10x 10” ® mol/L 0.1 Hg/mL
Casein 0.3~ 50% 10” ®mol/ L. 0.1 g/ mL [ 79]
=G 0.1~ 10x 10" ®mol/L 0.03 Ug/ mL
BSA, 0. 06~ 10x 10” ® mol/L 0. 02 Mg/ mL
pH 4.4 NaAc- HAc
1.6% 10" *md/L PCE" HSA2- 30 Hg/mL
1. 2% 10" * mol/ L Br™ HSA 0. 8~ 5.2 Ug/mlL [ 75]
6.0x 107 >mo/L I HSA 0. 8~ 4.0 Hg/mL
0.456~ 9. 12 Ug/ mL [ 21]
0. 015~ 31. 1% 10° /mol [ 69]
0. 12 mol/ L H2S04 1~ 20 ng/ mL [ 66]
1.0x 107% mol/ L. NayMoO,
1. 0% 10" > mol/ L. RDB
0.04 mol/ L HoS04— 0.3%Trion— x 0.1~ 4.0Hg/mL 0.05 Hg/mL [ 24]




198 10
1 ()
Table 1 RSS of some nanopartides in liquid phase and their analytical applications(centinue)
1. 0x 107 %~ 3.0x 10" *mol/ L. [ 15]
Si 0.04 mol/L H2S04
3.0% 10" > mol/ L
1.0x 107 % mol/ L. NayMoO, 2~ 40 ng/ mL 1 ng/ mL [ 104]
1.0x 10" *mol/L RDB
pH4. 0 HAe-NaAc
2.5% 10" ° mol/ L. TPB 0.06~ 5.28 Hg/mL 26 ng/ mL [ 62]
pH 4.8 NaNO3-HNO3
0.2x 10 > mol/ L 0.35~ 4.4% 10" *mol/ L [ 105]
pH 4.0 HAe NaAc 0. 6~ 2.4 mg/L 0.3 mg/ L [ 103]
2.0% 10” ‘mal/ L NayMoO4
>
’ L1090\ ] 3
[1] . . - /
; DNA, [M]-
DNA(10 fmol). ,  Taylor " o) > 2002. -
DNA : 2003. 847.
[ 120] [111]
: ’ [ 3] Hagfeldt A, Gratzel M. Lightinduced redox reactions in
( nanocrystalline systems| J] . J Chem Rev, 1995,95:49 68.
). [4] : -
( [J]. , 2000, 22(5):253
108 ). Fermando " CdSe-7nS 258
, [5] , ,
CSe-71S Ny [J]. | , 1996, 4:44-46.
. CdSe/ ZnS ( core-shell) [ 6] Alivisatos A P. SenTlcondJctor cluster, nanocrystals, and
DNA [122\ M. quantum dots[ J] . Science, 1996, 271: 933 937: .
[ 7] 7Zhao XK, Yang J, Mccomick L D, et al. Epitaxil forma-
, Trau 1 tion of PbS crystals under amchidic acid monolayes[ J]. J
(FDA) , 70~ 2 000 Phys Chem, 1992, 96 : 9 933-9 939.
MIgG s [ 8] Zarur A J, Ying J Y. Reverse microemulsion synthesis of
1 200 , 1~ 30 ng/mL, nanostructured complex oxide for catalytic combusion[ J].
, _ Crubisha Nature, 2000, 403: 65 67.
[ 124] 30 nm [ 9] Osakada K, Taniguchi A, Kubota E, et al. New organosols
(PSA) of CuS, CdS, ZnS, NiS, and mixed metal sulfides in N, N-
dimethy+ fommiide and dimethy+ sulfoxide preparation, char
’ I pg/mL, acterization , and physical propetties| J]. ] Chem Mater.
4 pg/ mL. Hirsch 11! 1992, 4:562-570.
[ 10] Koran A R, Hull R, Opila R L, et al. Nucleation and

Growth of CdS on ZnS quantum crystallie seeds, and vice



199

[11]

[12]

[13]

[14]

[13]

[16]

[17]

[ 18]

[19]

[ 20]

[21]

[22]

[23]

[24]

[25]

vesa in Inverse micelle media| J]. J Am Chem Soc,

1990, 112: 1 3271 332.

Cheng G X, Shen F, Yang L. H, et d. On propetties and
stucture of the AOTF-waterisooctane reverse micellar mi
croreactor for nanoparticles| J| . Mater Chem Phys, 1998,
56: 97 101.

Motte L, Billoudet F, Lacaze E, et al. Self organization of
size selected nanoparticles into three- dimensional superla-
tices[ J]. Adv Mater, 1996, 8( 12): 1 01& 1 020.
Yamaguchi Y, Aoki R, Azemar N, et al. Phase behavior
of cationic micwemulsions near the tricritical pomt [ J] .
Langmuir, 1999, 15:7 438 \ 17 445.

Curmi M L, Agostiano A, Manna L, et a. Synhesis and
characterization of CdS nanoclusters in a quarternary mi
cwoemulsion the role of the cosurfactant| J]. J Phys Chem
B, 2000, 104:8 39%+8 397.

’ ?

(.
, 2001, 7(4):199-203.

Jiang Z L, Feng Z W. Microwave Synthesis of gold
nanoparticles with alcohol and its resonance scattering prop-
etties[ J]. Chinese Chemical Letters, 2001, 12: 556.

Jiang Z L, Lin X M, Jiang Y M. Microwave synthesis of
TiO; nanoparticles and its resonance scattering properties
[J]. Chemical Joumal on Internet, 2001,4(2):017n .
[JI.
,2002,30: 1 254.

’ ) )

1. , 2001, 59:538.
[J].
,2001,20(1) : 17.
[J]. , 2000, 20
(5): 724.

, 2001, 21(6) : 866.
; - (-
[JI. , 2000, 6
(1):2528.
[J].
Troupis A, HiskiaA, Papaconstantionou E. Synthesis of

, 2000,21(3) : 24.

metal nanoparticles by using poplyoxometalates as photocata
lysts and stabilizers[ J]. J Angew Chin IntEd, 2002, 41: 1

[ 26]

[27]

[ 28]

[29]

[ 30]

[31]

[32]

[33]

[ 34]

[ 35]

[ 36]

[37]

[ 38]

[39]

[40]

[41]

[42]

911.

RIg (
43.47.

), 1999, 38(3):

Burnside S, Moser ] E, Brooks K, et d. Nanocrystalline
mesoporous stiontiun tianate as photoelectiode material for
photosensitized solar devices: Increasing photovoltage
through flat band potential engineering|J]. J Phys Chem B,
1999, 103: 9 328-9 332.

, s & Fe 03

[1. , 1996, 12(6):55E553.

s , . [J].
, 1990, 1:23-26.

Poggi M A, Bottomley L A, Lillehei P T. Scanning probe

micwsopy[ J]. JAnal Chem, 2002, 74(12) : 2 85F2 862.

[J].
, 1998, 1: 9-26.
, s XRD
TiO,  [J]. ,2002,4: 25-
26.
(11, ,1995,7:22-26.
[M].
,2003.
[J1. ,2000, 6(4): 200.
Jiang Z ], Liu S P, Chen S. A study of the resonance nor-

linear scattering and pumps effect of silver atomic clusters
[J]. Spectrochimica Acta, Part A, 2002, 58:3 121.
Creighion J A, Eadond G. Uliraviolet visible absorption
spectra of the colloidal elements[ J], J Chem Soc Faraday
Trans, 1991, 87(24):3 881\ | 3 899.
s R . ZnS
[J\D. , 1998, 11( 3) : 252
255.
Henglein A. Small- partical research: physicochemical prop-
erties of extremely small olloidal metal and semiconductor

patticles| J], J Chem Rev, 1989, 89:1 861.

[J]. , 2001, 50(4): 765 769.
[J]. , 2003,24
(8):134F1 345.
Woggon W, Gapponenko S. Homogeneous linewidth of cor-
fined electror hole- pair states In I, VI quantum dots[J],J
Phy Rev, 1993, B47: 3 684.



200

10

[43]

[ 44]

[43]

[ 46]

[47]

[ 48]

[49]

[50]

[51]

[52]

[53]

[ 54]

[53]

[56]

[57]

Woris D J, Socra A, Gbawend G. Measurement of the size
dependent hole spectum in CdSe quantum dots[ J], Phy
Rev Lett, 1994,72:2 612.
s R . AgMgk»
[J1,
,2002,22(5) : 621-626.

Rivas L, Cortes S S, Garcia J V, et al. Growth of silver
oolloidal particles obtained by citrate reduction to increase
the Raman enhancement factor[J]. Langmuir, 2001, 17
(3): 574 577.

, 2002, 13(4): 216
219.

[J]. , 2002,

.PNL
[J]. , 2002, 30(8): 1 0161
018.

[J1.
, 2003, 14(4) : 201-204.

(1. , 2003, 24
(3): 419-421.
Hertne T N, Ahem A M, Garell R L. Surface-enhanced
Raman spectroscopy of trt peptides and protein absorption
oolloidal silver[ J]. Analytica Chimica Acta, 1991, 246
(1): 7584
Garell R L. Surface-enhanced Raman spectroscopy| J], J
Anal Chem, 1989,61(6): 401A-420A.
Glarel R L. Surface-enhanced Raman spectroscopy[ J], J
Anal Chem, 1989, 61: 401R-18R.
Pastnack R F, Collings P J. Resonace light scattering: a
new technique for studying chromophore aggregation|[J]. J
Am Chem Soc, 1993, 115: 5 393-5 399.
Liu S P, Feng P. Resonance raylegh scattering for the de-
temination of beberine in table form with some acidic xan-
thene fluorescent dyes| J|] . M kwchim Acta, 2002,140 (1)
: 189-193.
Lius P, Zhang ZY, Liu Q, et d. Spectrophotometric de-
temination of vitamin By in a phammaceutical formulation us-
ing triphenylmethane acid dyes| J]. J Pham Biomed Anal,
2002, 30( 3): 685 694.
LiNB, LuS P, Luo H Q. Frequency doubling scattering
and second oder scattering technology as novel methods for

the determination of the incluson constant of B - cydodex

[ 58]

[ 591

[ 60]

[61]

[ 62]

[63]

[ 64]

[ 65]

[ 66]

[ 67]

[ 68]

[ 69]

[ 70]

[71]

trin[ J]. Anal Chim Acta, 2002, 472 : 89\ |98.

Huang CZ, LiK A, Tong SY. Determination of nucleic
acids by a resonance light— scattering technique with a, B,
Y, &tetrakis-[ 4 ( trimethyammomiumyl) phenyl] porphine
[J]. Anal Chem, 1996, 68(13): 2 2592 260.

Huang C Z, LiK A, TongS Y. A resonance light-scatter
ing analysis of the suprahelical helixes of nudleic acids -
duced by 5, 10, 15, 20— tetrakis [ 4 ( trimethyammonio )—
phenyl] porphine[ J]. Bull Chem Soc Jpn, 1997, 70: 1
8431 849.

Huang CZ, LiK A, Tong SY. Determination of nucleic
acids in nanogram by their enhancement effect on the reso-
nance light— scattering of cobalt (II) /4— [ (5- chloro— 2
— pyridyl) azo]- 1,3- diaminobenzene complex[J], Anal
Chem, 1997, 69(3): 514 520.

Huang C Z, Zhu J X, Li K A, Tong S Y. Microdeterm
nation of poteins by resonance light— scattering technique
using mese-tetrakis (4 sulfonatophenyl) porphyrin[ J] . Anal
Sci, 1997, 13: 263-268.

) ’ ’

[J].
, 2003, 38: 530.

Jiang 7 J, Liu SP, Liu P Q. Catalytic reaction resonance
scattering spectral method for the determination of trace
amounts of Se[J]. Talanta, 2002, 58: 635.
Jiang Z L, Peng Z L, Lius P. Resonance scattering spectral
determination of HSA with a new scattering enhanced
reagent of K3[ Fe( CN)g] [ J]. Chem J China, 2002, 20: 1
566.

[J]. (B ),2001,31(2): 183.
s - B
(1. , 2000, 16
(2): 546.
Jiang ZL, LiuQ Y, Liu S P. Resonance scattering spectral

analyss of chlorides based on the formation of (AgCl),
(Ag)s nanopaticde and its nonlnear resonance scattering

study[ J] . Spectrochimica Acta Part A, 2002, 58:2 759.

[J]- » 2004,
62:1272.
, . [J].
,2002, 22( 2) : 180.
(1. .2002,22(4): 641.
, . [J].

,2001, 20( 5) : 356.



201

[72]

[73]

[ 74]

[75]

[ 76]

[77]

[78]

[79]

[ 80]

[81]

[82]

[83]

[ 84]

[ 85]

[ 86]

[ 87]

[ 88]

[ 89]

[90]

LJ1. , 2001, 26
(2): 355.
, . [J].
, 2000, 6(3) : 256.
[J]. , 2003,9(2) : 65 69.
[J]. , 2004,
25(2) :5.
) ) -[HgX2]n
Rayleigh Rayleigh [J1.
(B ),2002,32(6): 614.
, s . HSA I
[J], (B ),2000,30(5):
650.
B > . - S
[J1, , 2000, 58: 1 059.
[J], ,2000,21(10): 1
488.
[J]. ,2003,24: 1201.
[J].
, 2004, 24.
. . &-DNA (1.
,2002,30(11) : 1 534.
[J]. ,
2003, 31( 1): 70.
[J]. , 2003, 31(5) : 315.
Ll El . - S
[J]. ,
2003, 31( 11): 1 364.
R s . Fe 03
[J]. , 2002,22(4) : 615.
[J].
, 2001, 30(4) : 460.
[J]. , 2002, 19(1) : 22.
[J]. , 2002, 19(8) : 768.
R . (Aul+ RDG)
[J]. , 2002,
19:1 133.

[91]

[92]

[93]

[ 94]

[ 95]

[ 96]

[97]

[ 98]

[ 9]

[ 100]

[ 101]

[ 102]

[ 103]

[ 104]

[ 105]

[ 106]
[ 107]

[J1. , 2003, 20( 4):

351.
. [Cdy]*-

, 2001, 59(11) :1
243.

[J]. , 2001,22(2):4.
s , .AgCV
[J1. ,2000, 6(2): 98.
(1.
,2002,8(2): 81 84.
, .[Pts2RDG]
(1.
,2002, 8(3): 147152.

Jiang Zhiliang, Pan Hongcheng, Yuan Weien. The change
olor effect and spectral properties of gold nanoparticle —
cationic sufactants system[ J|. Chemical Journal in Chinese
Universities, 2004, 20(5) : 523.
Zou JM, JiangZ L, Wang LS, et al . Spectral propeities of
the association nanoparticle system of ciproflox acin— phlox-
e and its application to fluorescence analysis| J]. Anal
Sei, 2004, 20( 6) : 957.

[]]. , 2003,

21: 52-59.

[J]. ,
2002, 27: 355-360.

[J]. ,
2002, 27: 73-77.

, , . S (-

4000 1.

, 2004, 24( 5): 573.
(1. ,2003,34(11): 987 .
. ., - B
[J].
, 2000, 6( 2): 86 88.

) ’ )

[J]. ,2003,31(12): 1 348.
[M].
. Cu(1I), Fe( 1)
1. , 1999, 57:



202

10

[ 108]

[ 109]

[ 110]

[111]

[ 112]

[ 113]

[ 114]

[115]

[116]

161-165.

(1. ,1998,26( 12) : 1 494

1497.

Taylor ] R, Fang M M, Nie S M. Probing Spectiic Se-
quences on Single DNA Molecules with Bioconjugated Flue-
rescent Nanoparticles[ J]. Anal Chem, 2000, 72:1 979-1
986.

Chan W C, Nie SM. Quanium Dot bbconjugates for uk
trusensitive detection nonsiotopic[ J] . Science, 1998, 281:
2 016.

Rossetti R, Nakahara S, Brus L E. Quantum size effets in
the redox potentials resonace Raman spectra and electronic
spectra of Cd Scrystallites in aqueous solution[ J]. Chem
Phys, 1983,79: 1 086.

[J]. ( ), 2000, 28( 4) :
45-47.
> ) , AnS
[J]. , 1998, 9
(4): 36.
Stephan H, Olaf I, Makus H. Ulrich, Blue, Green, and

Red upconversion emission from lanthanide doped LuPO4
and YbPOys nanocrystals in a transparent colloidal solution
[J]. Angew Chem, 2003, 42:3 179-3 182.

Sungjee K, Brent F, Hans—- jigen E,
quantum dots: Cdl'e/ CdSe ( Core/ Shell) and CdSe/Znl'e
(Core/ Shell) helewstructures [ J \ J. ] Am Chem Soc,
2003, 125: 11 466- 11 467.

et al. Typell

Karsten K, Holger B, S Jrg, et al. Greer emitting Ce-
PO4 Core shell nanopartticles with 70% photoluminescen ce
quantum yield[ J \ J. Angew Chem, 2003, 42: 5 5135

[ 117]

[ 118]

[ 119]

[ 120]

[121]

[ 122]

[ 123]

[ 124]

[ 125]

516.

Patra A, Friend C S, Kapoor R, et al. Upconversion in
Ex* : 710, nanocrystals J] . J Phys Chem B, 2002, 106: 1
909-1 912.

Huang CZ, Li Y F. Resonance light scatering technique
used for biochemical and phamaceutical analysis[ J]. Anal
Chim Acta, 2003, 500, 105-117.

? )

[J]. , 1999, 44(7):
682.

Taylor ] R, Fang M M, Nie S M, Probing spectific se-
quences on single DNA molecules with bioconjugated fluo-
rescent nanoparticles| J|. J Anal Chem, 2000, 72: 1 979-1
986.

Femando P, Ron G, Yossi W, et d. Ltamar, Lighting—
up the dynamics of telomerization and replication by CdSe—
7ZnS quantum dots| J], J Am Chem Soc, 2003, 125:13
91813 919.

Dabbous B O, Viesio J R, Mikulec F V, et al. ( CdSe)
7nS core— shell quantum dots: synthesis and characteriza-
tion of a size series of highly luminescent nanocrysallites
[J]. J Phy Chem B, 1997, 101: 9 463-9 475.

Trau D, Yang W J, Caruso S M, et al. Nanoencapsulated
micwcrystalline particles for superamplified biochemical as-
says[ J] . Anal Chem, 2002, 74: 5 480-5 486.

Grubisha D S, Lipert R J, Pak HY, et al. Femtomolar
detection of prostate-aspecific antigen: an immunoassay
based on suface— enhanced Raman scattering and immuno-
gold[ J] . Anal Chem, 2003, 75:5 9365 943.

Hirsch L R, Jackson J B, Lee A, et al. A Whole blood
immunoassay using gold nanoshells[J] . Anal Chem, 2003,
75:2 3772 381.



4 , 203

Spectral Properties of Some Nanoparticles in Liquid Phase and
their Analytical Applications

YUAN Weten, JIANG Zhiliang
(Institute of Material Science and Engineering, Guangxi Normal University, Guilin 541004, China)

Abstract The absorption, fluorescence and resonance scattering spectral properties of some nanoparticles in liquid
phase, and their applications to resonance scattering spectral analyses were reviewed. Reference of 125 papers was cited.
Key words: nanoparticles in liquid phase; spedral properties; resonance scattering effect
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