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In this tutorial review, the principle of amplitude modulated multiplexed flow analysis, a continuous flow analysis coupled with

fast Fourier transform, FFT, is described. The flow rates of sample solutions are respectively varied at different frequencies.

The

solutions are merged, and then air bubbles are introduced to the merged stream so as to limit the axial dispersion of analytes that

causes amplitude damping. The stream is led to a detector with no physical deaeration.

Air signals are removed by signal

processing, and the resulting liquid signals are analyzed by FFT. The analytes in the samples are respectively determined from the

amplitudes of the corresponding wave components.
window for FFT with time.

Temporal profile of amplitudes can be obtained in real-time by moving the

Keywords flow analysis, amplitude modulation, multiplexing, fast Fourier transform, air-segmentation, simultaneous
determination.
1. FFim BEDLWRIEEN Ao, 2IT, 7H—L A v a3

1.1 Z4—RKNR\yZHE70—La04> a3 XK —"5SIKRIE
ZRLELT7O—DITEAN

s OMEMS (1] TIE, 74 —F Ny 2flfllze—1L
A > a XY — feedback-based flow ratiometry & ~D
ZOEAIC DV TR, FSHTETE, avEa—8h
5 OS5 V. & H v TR &2 BRI ISR S 5 VI
W R, BREEDD & THRENATK L AR S,
T CTHRILES V282, ViSRS L ~OVISE L 7R
2, Vo2 A2 TR (BoWwikZzoiiic) L %7 4
— Ry ZHilf, I o iEMEAE D X ) PuiEEE X
D EDE TV BT A EE = MSIEE e, v EREEZ H
PSR QYR DR D 72 o 1 B /INR o S 12 R
L, "MAV=T7"y MUEERT 2, VLo TIRES N
RO ETSICE T 2B TR T Vy & LTS
2 E TICRFHDIEN t,, 03D 2 720, V, (« BEERITR) 12
NLTVez7ay b LEREmRE 1 AofhiftTids <,
V=TI B,

TERBD N — T DL, VRt DRESICE > TI&
SFIMT 5, EHE, Z2OBRED LICONTT 505k
DPHFETEBVLEEZ, FHIFNE LT, 7770
Wb Db r4A v Ra—7, RLy XY —,
RESG, AF A EOHMFICHZEL, 100 M2 avy
TTHEENTVBEAERZ S 7 (MWK L% #EIIRD
P2 B U CBIRRZ /i < JiH) THEAZ D & L7223, &

APV —=TEREMAEV ZHOCHIEZIT) 2 L0 6, ED
JEE (TR R0 ARE) Z27u—aktHTER Y
PEFEZ T, BN, FEBCMIHEORL % 2 BEOKT
W 22 Lick s VDTERZEBR L 7D, Z2hzN—2
— FRICED 3T 720 &, TTIRARIC 1% 2t otk & iy
THEOKS L7z, #iH, 70—%ICHEAT2EHEKORESH
2 WIEREOWE Z SO R4 2 RV E S IC k> T
ZNENLEH I, HFonsMNES 2 REBEITT 5 2
ECRIRFAIT 2T HMTHER S Z L Uiz, RSN
HBEL T, RYLCASGN TV EE 7 — Y 24
(FFT) 2T 22 L L7z, VaZ2HEE LoD FFT O& %
RERARICHT TN EBE L THE, U 7 L8 A4 LA TORIE
bHREIC 2 5,

CoFME, THRL7 v —ahiE TLEGIE, 7 — ) 24
#1 flow ratiometryy D2, &L CTFREL 19 R E ]
TFWFFEAIEEE L 72, P 18 41 4 HIZHE = D Bz 1< AT
L7207 57DT, HIT20D08H -7, F0ITHER
WL T2 &, HHAEHR % 14th International Conference on
Flow Injection Analysis (2007 4 9 H, <L) v) THEL,
Talanta |2 £ L 72 [2], 5w>3CEH 13 A proposal of multiplex
controlled flow ratiometry” CTd > 723, FHatlL T I -7 A
fili PK. Dasgupta 554 (7 ¥ ¥ AKR7—Y v FVK) »
5, ”Amplitude modulated multiplexed flow analysis” (AMMFA)
DHNEVEDEBFELVLLEE, A8k,



1.2 IRIBZEH

IRIEZ 3 amplitude modulation (AM) (XEHIBED—T
e U CHREBA frequency modulation (FM) & & 31
k<lmontws, HH (S5 signal wave, x(t); 2 1)
Z, XDEOEEROBE (XN carrier wave, x(t); X 2)
ISR 2 2 LIC k> CE $TERT 5, 22T, 1T
TEHSINIBH (LI modulated wave, X, (t) &, 1EH
% WL 7RI (A, + cos 240 % B (K 3), X3 i1ak4
DEHIHEMTE S, FAUFE 2 H (TR L8 3H (-
HIEHP) ICEBIEOERIE EFN TS,

x(t) = Ag cos 2rft (M
X, (t) = A, cos 2zft 2
X, (t) = (A +cos 27ft) cos 27ft 3

=Acos 2zft+ %cos Qnf - 27f)t

+ 27f + 27f)t
2Cos(ﬂ'L zf) )

CZFEFTHERTEEZ RS/ TH 225, XD
AMMFA TORIBEHIZ, BBOBETETE I bD LR
Bz, BruiEm RO HIRSBEL £) »EIR
DRFENT—ETH 2% 51F, x()=A,=const. £ FZ 5,
I, MBI x(t) = A, cos 2Aft + A, TERT 5, B
BMEORERD, XsokHieRsnsg, X5 6D
kY ICEREND, LIh>T AMMFA Ti&, AEHER A,
i, Iz 25 kT, RIEA, L2 D2 BRK
HIC L > TRIBAHSINTWRE LEZ LI LLTE S,

X, (D)

AA_ cos 2zft+AA, )

f
2AA cos’ 2;r3°t ©
AHALEEIR T, IRIEZHRIE 2 £ AR &0 B
IBHINTWD, e 21, KFE» S ONEIREERS
TEHCIEE L, BEES 2 o E o e T 2
RADAERY B LHEIRT 22 ickoT, /4 XKL
JRE LR ERLTE S (3],

1.3 7—UIki

JB.J Fourier (1768~1830){%, ZMmEICBYT 2H%tIcE»
T, #keT 5SS periodic signal, x(t) (& = HREL
trigonometric series & L CRT Z LI TE 3 LIRIBL 72,

x(t)=ay/2 +a; cos wt +a, cos 2wt + a3 cos 3wt + ...

+ b sin wt + b, sin 2wt + by sin 3wt + ... (7)

Z 2T, ay2 ZIEWST direct current component, a, cos wt

& by sin wt 2 FEARPEK ST fundamental wave component, Z 41
S DB D IH % S 4> higher harmonic wave component
EWVI, Ay, ay, @, a5... B LD by, by, by 37—V T{REL
Fourier coefficient & WEIX41, 7 — 1 T4 Fourier transform
ko Tk ons (R8~10), ZHic kb i55 2R
DALY (FEE) DPORBEHDO N AL IEZD LD
TE 5%,

2
a, = = [ x0a ®
a, = % J'OT X(t) cos nwt dt ®
b, = % J‘OT X(t) sin nwt dt (10)

7 =) IR 4T ) LT, AES xyohicED LI &
JEB DR ENL 5 VDS (RIE amplitude = (a,” +
b)) TEENTWIDbh 5,

—H, avE2L—FTHIEINE T—F I3 (742
) F=2THh, K 8~10 (#EHTE L, BT —
ikt LT, BEgt7 —Y 2R discrete Fourier transform
BRSNS, T, FWES xt) (Fig. 1A) 6 1 sy
H 50 IEZ DEERREOHIPH (% window) DfF5 (Fig. 1B)
ZUID T, 2O EENDS T—FEN IZEBD FFT @
THITYRALIHIET % &9 2METRITFUE R S v,
7 — v 28T, Y10 H L7550 A I R 1o #
DNIRENB EARALINEDOT, FigLimadipHz2en B3
EMo R EEZ S, BZEENDIRT—F X X,
X Xy Z VT, XOKX 11 IR T X (k=0,1,2...N-1) %
kb2,

N2k
X, = — ) xe N
N n=0
IS 27nk IS 27nk
=— ancos -] — D) X,sin (11)
N n=0 n=0 N
(A)
- ) o
8% [ IS [ 2
b i"...o § LI s e !
Time
T
B)
Y
L
0 X8
X5 A7

Fig. 1 Window for discrete Fourier transform
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Table 1 Typical software parameters

Main software parameters Typical values
Sampling frequency / Hz 8.53333 (5)
Period of V, /s 30

Period of V, / s 20

Number of data for moving average 31

Number of data for FFT analysis 8

Interval of FFT computation / s 1.875 (2)
Thresfold value for dVy/dt/ V s™! 0.45
Threshold value for AV, /V 0.35

The values in the parentheses are original values imputed by
an operator. These values are automatically changed to the

values so that they become compatible with FFT algorithm.
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Fig.3 Software-based air signal removal
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Fig. 4 Typical flow signals

Determination of phosphate ion by Malachite Green
method.  S;:
Irrigation Canal water. Both samples were respectively
spiked with 10 pmol dm™ PO,* PO,*. (A) Raw V,, (B)
Software-based deaerated Vy, (C) Software based deaerated
and moving average smoothed V.
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Fig. 5 Amplitudes of wave components in V4 shown in Fig.
4C.
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Table 2 Analytical curves for the simultaneous determination of phosphate ions in two samples [5]

Sample Air segmented AMMFA Non-segmented AMMFA
5 LOD/ 5 LOD/
Slope Intercept r umol dm’> Slope Intercept r umol dm’
Sy 0.0041 0.0061 0.9999 0.52 0.0028 0.0042 0.9984 2.35
Sy 0.0033 0.0040 0.9998 0.75 0.0020 0.0040 0.9930 4.97

The flow rates of S; and S, were varied with the periods of 30 and 20 s, respectively. Analytical curves are expressed as A =

slope x C + intercept, where A is the amplitude of the second (for S) and the third (for S,) harmonic wave component; C is the

concentration of phosphate ion in pmol dm™.
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