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To determine the number density of fine precipitates in steels by asymmetric flow field-flow fractionation
(AF4) with inductively coupled plasma—mass spectrometry (ICP—MS), an analysis method employing
flow injection was investigated. For accurate calibration, matrix matching was performed by mixing the
standard solution and AF4 carrier solution in front of a nebulizer. Two surfactants were used for AF4
separation; it was found that the appropriate selection of surfactants based on their acidity constant is es-
sential to avoid salt precipitation. In addition, the effect of the AF4 retention time on recovery was inves-
tigated. A long retention time led to the adsorption and aggregation of the samples in the AF4 separation
channel. Results showed that an AF4 retention time within 20 min facilitated superior recovery. More-
over, five types of AuNPs were analyzed via AF4-ICP-MS and quantified using flow injection analysis.
Good analytical performance was achieved for all AuNPs and the recoveries exceeded 93%, and the co-
efficient of variation was within 5%. The effect of particle size on the recovery was not confirmed.
Furthermore, the developed flow injection analysis for AF4-ICP-MS was applied to evaluate niobium
carbide (NbC) precipitates in steels. The number density of nanometer-sized NbC was quantified to be
within 10" to 10" particles per 1 g of Fe. It was quantitatively confirmed that the long-duration heat treat-
ment led to an increase in the number density of nanometer-sized NbC. Hence, this method can be useful
for quantitatively analyzing the size and number density of nanoprecipitates in steels.

asymmetric flow field-flow fractionation; flow injection analysis; gold nanoparticles; niobium carbide;
number density; size distribution.
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Quantification of Nanoparticles via Flow Injection Analysis Using Asymmetric Flow Field-flow Fractionation (AF4)

Daisuke ItaBastl and Kazumi Mizukami

1. #E

—MRAIZ 100 nm BL T Ok 1-& L CTEF SN S F /KT
X, WCWED/ SV 2B e 1358 e 2B E 2R3 Z
ERFON TS, Thb ORI, J19 4 2 REH
MRS 72 0 ORI O K E ISEE L TWB, il 21T,
CdSe” R InAs” HORT F v ME, ZOH A4 XIZEHL TR
BAHWEREDOREZBINGT 52 Z &N TE L, PHiENTIE, +
J A= MY A ZOP ORI E GG LT, Mk
WM D IAA TWD, TR S OIS O T HsR{E Y
RAEEREORIE Y 1T LT, EEAREE R LTV,
it D 4 A4 Z 5541 X0 7 D AEKES 1 380 D B Y 25
IZHEEAE I T 7280, AEikat P PiilEIc by 5 7ot
2GR UTET B 72 DI IEMEIZFMT ¢ 2 M B2 D B, %<
DT, FritnIEA Y 4 X5 mEfA L, RNE—ky
BURRETHAEL T %, ZD 728, BEHEIR 2 R AT IZRE
ENBETHMBEIC LB EEN T 52 3LV, £
7z, PERDHTH, TTAEI DA Wik i3sk 4 7 e art
CHLUTHEA TS 800, Hilit, nfEmsm’ <
TAA) THERT 572012, ZOH A4 ZIERERGT 5 Z
EMTER N, ZO—FT, 4 ZIZHD =08 T
HTH B IERFRRNRENY 58 (asymmetric flow field-flow
fractionation; AF4) ¥1d, Be% 72+ 7 K7 Y R gz kp
O DFHI M & T % 72, AFATEIZ IR 2 1
v T T4 =D T AN E NS R %
EEY, A RURAGF U222 T AR AE AT
%, AT, AF4IEIZICEGEL M, S-5F a8 5 e o B,
HERA 77 X~ E &5 (inductively coupled plasma—
mass spectrometry ; [CP-MS) FED Rk % 72 575 11k & fe T4
ELTHARDLEDLZENTE, fFHtS 725N B ¢
LHEMETEGT A ENTED, EHXELIIINETIZ,
AF4-ICP-MS %% 7 = 74 MilhDRIL=74 7 (NbC) D4y

Rz U, %7 2 BEh U i C2ILEL L 722 D ik
2B BNbCOY A XHAiDENEFHI L 727, L Lk
25, NbC DIEAREE IZ DN TERMIZEIHG$ 5 Z & 48
TETWE, o7,

ZZ TR TIX, 7u—A 2 27 ¥ 3 Vo (flow
injection analysis; FIA) > % | | L, AF4-ICP-MS %3 #f ®
SR AR L7z (BUF, FI-AF4-ICP-MSE L Fid 5),
AF4 % v ) TR EIRE L2 6 HIE U 2= 48 T R i
WD TIa—4 Y2 ay (FI) 20~ 75 4%
LU, REBEMFER Lz, 612, ZOTHETEONSE
HOFHEOMED 6 L X 1220\, MEO4F / ik v
(AuNPs) DI IS\ =3 il 2 7> 7=, 7=, BAFEL
72 FI-AF4-ICP-MS#: % 7 = 5 4 I §li th > NbC O 45 M7 12 il
L, 2O THEN: % MEEL 72,

2. KB

2.1 F/HFHLUHE

EEIZH W22 TDOE T 7 K+ i3 nanoComposix (San
Diego, CA, USA) 22 Ll A L 7z, Table 11Z7KHNIZA3EL L 721
#F R F DR %2 R, SFESHD AuNPs (AuNP-5, AuNP-
10, AuNP-30, AuNP-50, AuNP-100) % i \» T, FI-AF4-ICP-
MS I & B AN % F8 4 L 72, 3585 D AuNPs (AuNP-2,
AuNP-5, AuNP-10) %# I\ T, Bk B D AF4 S5 HTIZ B 1) 5
4 ZMIE & BIE U 720 AF4-ICP-MS 3 i icfliffl L 724 C
ORIIZHIRD & O A BIOREEL & LIZHIW 720 sUOBHA
WOFME AF4F v ) 7 IFWE OB, @ik (> 18 M
Q: Milli-Q AkEHL > 2 7 4 ¥ & U'Elix UV10, Millipore Corp.,
USA) # i L 72, AF4F v V) 7 IR OB, FF v
LUHEEE T ) ™ 4 (SDS, FliE > 99.0%, & 17 4 L &
fisEpA St HR) B X0 — LB F b U ™ 4 (SC, i
> 98.5%, & 127 4 L AR A2, BAR) & vz,
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fiFl (W > 60.0-61.0%) , $HEE (WE > 35.0%-37.0%), i+
WSS 5 4 4 B HE YA T8 (Au1000, 1000 mg L") & Zh 7
hBHALE (HA) 2 50A U, FEUEERO B L
726 FI-AF4-ICP-MS 7412 & 0 #8508 0 NbC % 7 & 53 #t
T 57012, ZILEREUEAT (XSTC-8, 10 mg L™ ', SPEX
CertiPrep, Metuchen, USA) # W7z, 7 F L7 & + ~
(AA, B, &7 4 v DR 2, BHA), 6k T
FIAFLT VEZT L (TMAC, FUE > 98.0%, H A L T.
HHASHE, HAR), x5 7 — (B, &t 7 4 v ARG
R, HAR) 2GS L 22 BRI & D, $
B 5 NbC 2 i L 7z,

2-2 FI-AF4-ICP-MSEICKBEEH &

AF43EEAMR & 337 U C, BEUEIR TR % Wi § i % B 72
ICBT 7, ZOWMBITL ) O RY T, 6 FUID AL
T, BXUOH YT =T IR TS, V) VY
By T EECIZ6HYDEANLT %R T F4 % —12, %
VINN—T 6 HYIOBAINLTICERENEGL, Y
VNN — T OFEILS52 uLICFHIEL 22, £ 72, RIFHO
WA 6 T DB Z NIV TITEM L, 6 T B2 /LT
IZK > THERBBOU D EANTE D K HIZ L7z, SIEUEE
WEILIRIE 22 N ZFho0,0.01,0.025, 005 01 mg L™ ' &%k 3
EZHERL, v~ )92 2L LT5% (viv) FAZED
EOITHBIL 72, (LLF, Stdl-5& - 5.) £/, £ILHK
AR IRIE A2 20, 1.0,3.0,7.5, 10ng L™ &% 5
EHIZHML, v V) v 2 2ELT1% () g% &
EITHBL 7=, Y Y TN — TR T 54 — 1Tk
DIRREIZ BT, PRS2 & Th & OREHER T %
TN —TITHEA L, BEHEERHE T v T — T %72 L
7o TDHK, WBEYOEZ, YV VYRV TEHNT, —
EROMERERIE A X 7 5 4 1R L 7z, T OFEHETA TR
I ICP-MS IZ & - TR A @y Brii el  h, 2 ol
XN7=ruw b7 L0 —ZHEIRERS LT, (554
RS 7z, BEEIRIROIEAR LB O NZ2u~v b5 40
Y — 2 1 FE OB O BRI R 2> & Ml & 1 L 72,

2.3 BEFHMEECLIHFHABPITHYOME LV

R T L 72 0.1Nb-0.01C (wt%) DAL & H 4 %

NbCHT N 7 = 5 4 " &AW TORGIZHL 7=, 20

SRR, TARLALEE (1250°C, 24 BERE) D%, NbC %M
HEHEZ729I12600C TR S L < X 10FRHIRFF L, 2
D, KTEM U TIEHL 72, BEH T3 600°C T ERhAL
MO XIZL 59, NbCOY A X5 MK TH 5 Z
EEWME L en, ZTOMBEERZIZOWTER SN T
Motz, 77, ZOiREHZ25 X 25 X 2 mm’ Dk = X 1ZHJr
L, #%icHi < slRHEHEL, st L 7=,

ges ARt R ot i A i T 5 720, Ty F v
27" (selective potentio-static etching by electrolytic dissolution;
SPEED) ¥ " %31 L 72, % MK 1213 10%AA S 7 fif ik
(10% (v/v) AA-1% (w/v) TMAC- X & J — L) 12, S Al
&L TSDS% 500 pg mL ™' DYREL D K HITHRML 728
D%z (LU, SPEEDER &R T %), 22T, filiflh &
N ORI § % G tEA & U TSDS &
45 Z &2k > T, SPEEDIRIEH T h &A1 n» i
TBZEEPIET S ZENTE S, B &R
FIFRIZ, 500 mA DEBEFEME L, LTO2BREDOZ 7 v
FTHEEL 72, 127 v 7T, $AROEmR EovE
YR WAL g & VAR 5 7212, 1557 O bl 1E %
o7z W1AT v 758 T #, R0 2 @i % U 72 [H
—{HBE D SPEED VARIZF4 L 2, SPEED AR HIZ AR L
7oalRE R A L OVEREYIR BAURE & $RHE0R A & SRR 25 L
7z FE 2 AT v 7T 120 43 T O AR A A 4T o
2o ZORAEIZE D, $1.0 gD #kiEk A SPEED & W
RS2 2 LN TE S, TO%, BEILE % 1 5 BT
VW, A TON % SPEED I I 4y BUEIX L 72, Z O
P & 4y B S R 22 EEWERRORHZ D T, AF4-ICP-MS 73 #T %
o7z
2-4 %@

Fig. 112 ICP-MS ¥ 5 L U'FIEEE & AlAA H 1 7= Wyatt
Eclipse AF4 %% # (Wyatt Technology Europe, Germany) ¢ %
KX A&Rd, ZOWER, @dkksa~v 2774 —HO
Ry T, A4 VA AT 8L A -V T 5 —
(Agilent Technologies 1260 Infinity series, Agilent Technologies,
USA) % fii 2 T 5, AF44THEF v 3 L2 5 7 K Filk
EFHEATSRE, ThoOREHIZDOF v FILINTHEHLL,
Fr AN TA—IZKSTHBHILELS, ZOH A4 XITIK
FLTHEEE NS, TDAF45 T, 300 mg L' @D SDS

Table 1. Specifications of nanoparticles.

AuNP-2 AuNP-5 AuNP-10 AuNP-30 AuNP-50 AuNP-100
Average diameter by TEM (nm) 2.1+0.3 5.0+0.6 9.5+0.4 28.0+£0.9 503+23 102+4.2
Concentration (mg mL™") 0.053 1.08 0.052 0.052 0.050 0.053
Number concentration (particles mL™") 5.5%x10" 8.7x10" 5.9x10" 2.4x10" 3.9x10" 4.9x10°
Hydrodynamic diameter by DLS (nm) — — 19 36 60 107
Zeta potential (mV) — — -20 —46 =53 =50
pH 7.0 6.4 7.7 7.7 7.5 7.6
Surface Glutathione Sodium citrate PEG12 carboxylic acid
Solvent Water 2 mmol L™ aqueous sodium citrate

575 I



I 576

§% &4 Tetsu-to-Hagané Vol. 109 (2023) No. 7

B E 7213500 mg L™ ' DSCIATE A AF4S v ) 7T IR &
LTHWE, 512, 7 TF®EP v b4 71830 kDadD i
Lu— 2 (RC) kRHM A3 (RC 30 kDa, Microdyn—Nadir,
Germany) % AF4 778 F v XL DIEEBIZHIH L 72, #0C,
AF4 73 BEREE 21T R X 275 mm D F v 1)L, JE X 350 um %
7213490 um DIERFR LA ¥ Y FHIF ¥ F I 2 R—H —
PR U 72. AF4A53 BEF v X U 13U 5 A B ICP-MS 26 &

(Agilent8800, Agilent Technologies, USA) 12 [H. {5 {5t & 1,
AFAEE T X N7z ) /7 Kir OuEM#RE L+ Y 74 T
L 7z,

ICP-MS % O G R A2, ARG X 7 7 4
# — (Conikal DC Nebulizer, Glass Expansion, Port Melbourne,
Australia), XL F 2 HHIBEEEZMA 2Ty PHF v v
I3 — % F 72, Table 212 ICP-MS 24 O Jll & 41+ % 1 37,
AF453 i & 47 S Hiis, » 72 < & $ 3047, SDS & 713 sC
%G AFAF v ) TR & AF4 53 HES v A LICHE L, RC

() RO A 5t 2 % U 72, & AuNPs 73 B DO Fb N 4 7L
Carler — AF4 ICP-MS HTORI 5 THOREER RO 72012, The &2 H/RT 52
Six-way k 73? bﬂ:ﬁ%éﬂ‘ﬁl:ﬁ@ [/ff:o i 7‘2, SPEED(@(@ZEPl:ﬁﬁﬁé
switching valve — - ¢ o .- _ - -
Ultrapure Syringe BHT R RIRRICHERE SIS oicfiL 72, A ¢, Z
e Pump N5 HITERRID AF4 S3HEF © X LADIEAIR, A+ — b4
77 =TTy, T & 92 L 7z, Table 312
AFATHESR M £ & ORT,
Sample loop
(552 uL)
(b)
Sotion AF4 ICP-MS . -
Table 2. ICP-MS operating conditions.
Six-way
- switching valve Agilent8800 ICP-MS
Ultrapure Syr]nge
water Pump RF power (W) 1550
Peristaltic pump Nebulizer gas flow (L min™") 0.82
Make-up gas flow (L min ") 0.23
Ultrapure . .
water Waste Cooling gas (L min ') 15
Sample loop Auxiliary gas (L min ") 0.90
(552 pL) Sampling depth (mm) 7.0
. . Element (m/z Nb (93), Au (197
Fig. I. Schematic of AF4-ICP-MS and FI apparatus. (a) Durati ( ) ( ()) 10 (157
Sample load; (b) sample injection. (Online version in uration time (s) :
color.) Spray chamber temperature (K) 275.15
Table 3. AF4 separation condition and schematic of AuNPs and NbC precipitates.
For AuNPs For AuNPs For NbC precipitates
Membrane nature Regenerated Cellulose (RC)  Regenerated Cellulose (RC)  Regenerated Cellulose (RC)
Membrane cut-off (kDa) 30 30 30
Channel parameters
Spacer (um) 350 350 490
Elution solvent 1.04 mmol L' SDS 1.04 mmol L' SDS 1.04 mmol L' SDS
Elution time (min) 1 35 1
Focusing time (min) 1 0 1
Fractionation time Focus +Injection time (min) 2 0 2
Focusing time (min) 3 0 1
Elution time (min) 35 0 45
Injection volume (uL) 1 1 100
Injection flow (mL min™") 0.2 0.2 0.2
Channel flow (Vout, mL min™") 1.0 1.0 1.0
Conditon 1: 0.5— 0
Fractionation step, Conditon 2: 1.5— 0
flow, and volume Conditon 3: 2.0— 0 2.0— 0.1

Cross flow (Ve, mL min ")

Conditon 4: 3.0— 0

Conditon 0: 0 (linear gradient)

Conditon 5: 4.0— 0
(linear gradient)

Focus flow (mL min ")

3.0
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3. BREEE

3+1 FI-AF4-ICP-MS A fIC BT DR EIFIER

AuEHE AR & AuNP-2 % AF4-ICP-MSVE D A TH Al L 72
WA Fig2lORL, 82707+ 27 ADY — 7 il % Hik
L 7zo AUNP-2 D ¥ — 7 i ff 1L AF4 73 BEF v 1 LN D AudE:
AR AR DKL TH 2128 0 b 6§, Aufk
RO — 7L D 33K E 2 5 72 AufiiER
WEDICP-MS N DEA G KM IZ kA L7228l E LT, K
WD AuA & VD AF4 5 HET 2 IVINEROZE R % i L,
BIRE L CHEIhTLESZZEenELL6h5, D LD
R 5, AFATEEF v 3 ILAD AulEUEAR DA, 1E
A MR AR T I3 L TN L2 S 2
AW

% 2T, AF4-ICP-MSETH 6 N7z 43 Bk R o IR 72 5
HD72HIZ, FIADOWEH MG L 7z, P19 12, AufEdEAg
OB OIER T % MG L 72, ICP-MS 73 #T i 5
B39 ) w2 ATy F VT EITI OIS, AFAF v )
TR DURIE & AFA AT T U 72 RE D25 IS L,
AF4F v ) TR E X 7 74 ¥ —DERIT, 5% (viv) TK
& L<I31% (vwv) Tk % &3 AulEUEAWR &, [Fl— O R FK
HTHR M IZTHA L, BiKEAF4F v ) TR E L
THIW 2 BED AufEHEIR W (Std 1-5) DF17a < M7 4
ZFig3lZmT, Std 15D 20~ b 75 LD — 2 %
AL, ZTRNH6DOY - mifEE W THREREMFERL 2, &
AF4F v ) 7UEHE % I TIEER U 72 AuBEHEVA R O FIAR &t
# % Figd IR §, AF4F v ) 7 KW IZ SDS AW & HIV 72
Bity, MOEHIS RIS EMIEEZRL, AF4F ¥ ) TIHER %
Ak E L22Ga L IZIERIEOMRTH 572 2D T
T, SCIAUWE# AF4 ¥ v ) TR E L7256, BEROR
P EER RO NT, BROEEEDEBKREN -/, T

1.5x10°
—_ \ - — - Au standard solution

2 R AuNP-2
) i
> !
= [
£ S|
g 1.0x10 :l
= I
: |
5 1!
o 5:0x10° 1!
1
> 1
-9 Ll
s

]
0 0 ! _\\ b, lnioy N
0 5 10 15 20

AF4 Retention time (min)

Fig. 2. AF4 chromatogram of Au standard solution and AuNP-
2. The concentrations of the Au standard solution and
AuNP-2 were 0.1 and 0.053 mg L™, respectively. (Online
version in color.)

19

O E LT, AF4F v ) TIEHRIZE £ 2 S5 mns Al
DOEIFEEEROE NP HEL - EL 5N 5, SDSE &
O SC DIEFEEEEIZZ N T N1.84, 498 THD, vV v
2 2L LT5% (viv) FAKR%E Ede AulEHERIE 2 4 5 i i
BT EIRAT 5 &, BIRO pHIZSC DREMEE TR LD &
K< kbELELLNS, SDSIAN I L USCIATK E 5% (v/
v) EARER—DOERBILTRA L 2B RO T E % Fig.5 IR
T, SDSIAWRIZBEIH TS - 7278, SCIAMK TIZIEDHHIA R,
5Nz, ZOFERENS, SCOEDHHIZL ST, 2754
P-4 LSIEPFAF o — T PHZE L, L% L 72 ICP-MS D
EESNELATI, FIREHRICEBWTESHREIZKRE R
X6 DENECEEL NS, L7225 T, FI-AF4-ICP-
MS NI B WT, RE L EHRENMEO B WD,
SCAMRDHEHIXBE X BN EXWS»IZE 572, THh

2.0x10’

2
o StidS
)
£ 15x10"F
=
3
£

7
.\: 1.0x10" Std4
3 |
S
o 5.0x10°F Stfm
@) Std2
= Std1 ! A

0‘0 ‘L L /\ 1 1 " -l
0 5 10 15 20

Time (min)

Fig. 3. FI chromatogram of Au standard solution (Std).
Ultrapure water was applied as carrier solution at 1.0
mL min". Std 1-5 concentrations of 0, 0.01, 0.025, 0.05,
and 0.1 mg L' were prepared.

1.0x10’

o SDS 1.04 mmol L
4 Ultrapure water .
o $C1.16 mmol L

8.0x10°

& (=)
> >
= I
L .
=] =]
C N
T T

ICP-MS ""Au intensity (cps)
e
»
2

0 10 20 30 40 50 60
Injection amount (ng)

Fig. 4. Comparison of FI calibration curves of the Au standard
solution among ultrapure water (A ), SDS solution ([]),
and SC (Q) solution. Measurements for the FIA were
performed three times.
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%, ARSIHT TR E A O T e B A R LT, )
IR MEA A RINT 2 0B H B L E L 5B,

3:2 FI-AF4-ICP-MS ##fI&3 AuNPs DEE

FIADMEM» 6 L & LB 2 HFHAL T 5 72912, AuNPsD
AF4-ICP-MS 73 M %17 - 72, AF4-ICP-MS 734 TRt X 7=
AuNPs 12X LT, FIMEME AW TEhEThER L2, X
(1) 1R U2z E T, KaHhicii aMEr 6 L &
KSR A L 72y F 72, VT VSO X B EE L
T, AFAGHETF v 2 VICF v 2T 0 — DB &L 72540F
T CZE R D AuNPs D AF4-ICP-MS 734 & 17\, FIRRE# 4 H
W I N B A2ERETEZL T, AEEREL .,

Recovery(%) =
The amounts quantified by FIA analysis(g)

The injected amounts of samples(g)

KRAFFETIE, AFAHTIC & - TH S h 2 MRS §
% B O LR FFIEIE O 5228 % JAAE U 720 AF4 0 BESF1I3X
Q)IRLUEZEDIL, Fy XL Tu—FiE su 7
O — i, AF453HETF v XOVIREE, R, IAEEO R A%
W52 LT, AR TH 5, FlS, Fv 270 —i
B, 70270 —HEITAFADEESIEEEZ DD, &b
MG IST A =2 —Tdh 5,

w'R,mn V.
— —1 1+—=<1. .
R T n ()

0

t

ZZT, VyidF v 7a -k, Vidra27u -

c

@

B/, wid ZAX =% —EA, g IZEEORE, KiERLy < v
R, TISHERHRIE, RAXIRESIFEETSH 5,

ARFEITIE 7 v 270 —iED A%l > TAF4 575
Fa ZhENAE LT, kB ORFER 2R IC2 s &
72, Table 312G T 72 AF4 7 BiES 1 % /8. & AF4
Bt FIZ 351 B AuNP-50 D AF4-ICP-MS 73D 2 = +
2'5 L% Fig6 (a) ISR, 70270 —iEAMAIH2
ZE, BT H % AuNP-50 DIRFFIFI 2 8 < 75 B (@A A
57z, F 72, AuNP-50 DJOIILH % Fig.6 (b) IZ/R L 7z, &
FiiFf < £ 51 E, AuNP-50 DEINEIZK T L, R
BRI 25 0 &2 A B L, TOMERELL KB LN
o tz, ZOFEFRIE, AuNP-50 D & AF4 53 HEF v b
NEBDBEMIENDBREFIZ K > TELT0BEEEL LN %,
AF4 5y B 5 F2~5 T3 AuNP-50 D BEEAR ICHIR§ 5 & —
IRBHIE N TED, SHIEZ OBERICHETIE -2
EEEETICEINEEZ RO 720, RIZZhsDE—2 %
ERLAZELTY, BUNERIZ100%I2E 6 5572, 20D
ZEh 5, AuNP-50 DEEE 721 Tid e <, AuNP-50 D —P
M AF4 BT v 2L INERDE @ IZIREE L, ICP-MS T %
NP IR TOWEWZ EPHE M 5Tz, L5
T, AF45HTIC I 1) 2 ARt O RN 20 3 AN & 75 5 &
AT HREND B,

& 512, SHHHHD AuNPs % Ji ) 7 AF4 53 BiESfF T T AF4-
ICP-MSEIZ & > TERZFNIMS DHM L, FIAIZK D&
L7z & AuNP DR % Fig 7128 §, BIF L 72 FIA IS
L oT, WTFhOAUNPIZH LT RIFESHERIES

(b)

Fig. 5. Mixed solutions of 5% (v/v) aqua regia and (a) 1.16 mmol L™' SC solution or (b) 1.04 mmol L™ SDS solution at the same volume

ratio. (Online version in color.)
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N, BRI T3% 2 A, £ OEEHBREIZ5% N T
H o7z, MIERIZHT B0 79 4 XOWEITHER S h ik

Moz, BT VT VBT B IE LD E RO

(@)

1.0x107

. —— AF4 Sepration condition 1
] — — -AF4 Sepration condition 2
E «wwe AF4 Sepration condition 3

—-— AF4 Sepration condition 4
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Fig. 6. (a) AF4-ICP-MS chromatogram of AuNP-50 under
each AF4 separation condition, (b) Recovery of AuNP-
50 under each AF4 separation condition. (Online version
in color.)
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