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Ponceau 4R 2 - fa g L * chg = F 4 M > d B F T ABReT R
’]‘]%‘. P slde? LB hedmd B A EEFL {[@; EX Sl s ey
R (Talaska and Al- Zoughoo 2003) » ##* 7 Ponceau 4R P-it ¥ F AL 17
SR F £ R o SR F A 46 2P| % Ponceau 4R o 4r i pii AR K 4702
(Sadeghi et al., 2013) ~ &k k& E (Tikhomirova et al., 2017) o g & &
(Ryvolovaetal., 2007) > ezt = 2 7 ZAp¥f f Tk & frfepFofprt 227 5 R it
FRI AR AR AR T3 T T A7 Ao FE R -

£ %73 % 2 (Metal Organic Frameworks; MOF) #_7 # — & %3 i 548 >
Bl & RAT et Pl B e L i B R o (T A - AR HRFT
IFRFRIIGHKE ERIMEF A ICHAEATA B E R
MOF % B i > %@ & AE% (Suh et al,, 2012) ~ &+ §# -z (Horcajada et al.,
2012) ~vqz (Vellingirietal., 2017) ~ 424t + 2 74 (Pangetal., 2016) f-iit (Ahn
etal., 2016) #F|F L g o

FEFSRAFT ORI WHERAF P o deg da B REER
tfc® ¥+ 3% & (Shaoetal,2010) » # * > B # T VB BR B o v d i F sp’4e
GEE - AeenH PR AR o BT H W g GE B AR AR 0 T B % {45
T <~ hi e fF b BB TS R R A DR (Mazloum-Ardakani et
al., 2015; Wang et al., 2009; Alwarappan et al., 2009; Liu et al., 2012; Xu etal., 2011) -

MnO, &2 AE& P i B % 2 5 wa /g el (Weietal, 2011) » 2 E 5
PRI HAY o droo By 0-fre v itd B3 2 4R SAAE X [MnOg]
N~ REEL S (Suib,2008) o ¢ *t Mn PR S e F S F L 2T R
vy bR Rt (Valim et al., 2012; Cao and Suib, 1994; Espinal et al., 2004)4-
4 $ @ ® (MansouriMajd et al., 2013; Salimi et al., 2015; Bai et al., 2009) -
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& J’fﬁ oyt T AR 74 fort B 7 R E e MnO2 ficsk i A s L T 1,2 A7
A @ R = IR T—iw A1 &% 4 % —Ponceau 4R Lm/)%‘r%ﬁ«?

CAWHFAEET BT R 7 &3 Ponceau 4R i& {74 & ¥ (Trace

analysis)
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149 Cu(NO3)2:3H20 0 2 15 » E M 4e » 77 1.7mL = ¢ "&eeazk e = 20mL - 24 |
PFis o TR I F ke BRiEE 0 B id 1 50 °CE T ick 12 ) pF o & ’g;lug
Cu-BTC * 7 & &g ks T #& (CPE) > #-0.10g Cu-BTC = 0.90¢g %gin%ﬁb
75 m%? (carnelianmortar) # o 4v > 0.25mL Z ¥4 » T 323 R & - ﬁ&"wfi’ﬁﬁ‘\ﬁ
1"?‘@ Jau M“'mﬂ%“’”’ » T %ﬁ‘m%‘%’v’o % o o Cu-BTC 4r# &4
BEER %1009 Cu-BTC ¥ iz 4 & 5 100% - @ * 1.00g 7 &4 x i
0.25 mL z»iéi\,éw Bk AigsFe CPE- @ * pH % 5.0 the fe B A R 17 5 % 3%
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Ponceau4R g i B iRl /i B o 2l T A 1 441 > 324020 2 090V 0
Z 5% frik % B o Rl E Ponceau 4R 1059 V ¥ ivaE B F o o PRy A 5 50
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J_Fig. 1A 4= Fig. 1B ¢ ¥ LI & * F 5T + ik {oif T F s
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Wi oar B e 2 fe HPLC Bl 27 4R R 5 ¢ 9 Ponceau 4R - g % 713
Table2 ¥ o 2% 23 - R APEHEL | 10% - F]pt > 7 I e Cu-BTC
¥ 28 3 972 B = Ponceau 4R 17 B 5 2 4F g o

Tt C AR F - B RT R A B EES
Ponceau 4R % F a7 &t iRl @ & B > 33t Cu-BTC # 2 cnlg F 3 s sk > @ 3%
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Bl - #4742 » 77 Ponceau 4R %4 :h3 % (pH 5.0) ¢ 30 # %4 3
Ponceau4R $+:& i § i = &%/ T 18 (- GO/GCE) Mihabiild o Mgis » *
RERFT RIS ESIIRE T A ¢ 0 T es 045-090V FRIPN G ,p‘. K% B o
Fig. 6a % Fig 6b 1t @ iR T RMELR RS 7 & F (GO/GCE)
fesB R § 7 5% (- GO/GCE) i 4 2 st ¢ % 1& - ** GO/GCE BL% It
(Fig.6a) » @ r-GOICE ¢ & (Fig.6b) &pom Flied i 7 5B R 2 B8 2 i3
Arm & 2 AT chig e (Jampasa et al., 2016; Hudari et al., 2016) - Fig. 7 & on
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Fir¥oomF e Y 058V i % o FlF o B AfRE OiFREST €
AR A 0 VT BRT VO AN R AR s F R
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ITREIRE R o §F LEBE IR D T T e B R BT N
20 0t BRTIREMAL BTV HEAR SRR AP > d RS
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%075V 4091V %E% l‘%féié o fcurved ¥ VLI ¥ H A 47 (curve a)
fe %A VA0 fv AB 73 &7 PF > Ponceau 4R iR W AR BEor I E R F
AR o BEHARAP TR PonceaudR F A 7P PR RE 0 2 3 ¢ NI F R
HopteboiBig* 73 PonceaudR eig /3 ¥ & AR 53T e D B B2 ES o
el 2 *ﬁ‘%ﬁ o PR R-H R ‘4)3 0.1mol/LBR ¥ =% (pH5.0) 1% i
TP o@m R ﬁ?E}f@—oFlg 9A £ 3 AL RER T & 2—12um01/L # [
PiE R A o AR ST F I Ponceau 4R AR eE R B L F &
29.8 £2.52 ymol/L - # * HPLC-DAD #jirz. Ponceau 4R 4 47 ¢ »#rif eraif it i
% 5 #2732 27 HPLC-DAD Hjieig {74 & o d 3% Ponceau 4R 7 509 nm kg
T kR FP R FI FAPTUERAL A Fd Far T HEA
BT IR RJD o Fig. 9B AT #4232 4 umol/L Ponceau 4R ek e A i it e d
HiEETEEF S FHRE o 4o Table 4 #5F o Ut A A ERPIEE SRS
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mL &= -k P o g $8EET o4 0 TmL @& -ke fiE X MnSOs i3 % » # NaHCOs
BREBRANCREFZRY P RE AT HETE 35 ) FEE MnCOsz pcrk -
#-18 3l MnCOs figzf * = =t -Kfri -k ¢ fRitiigc= o & {5 > # MnCOs figf
5 % Yp (muffle furnace) ¢ 14 400 °C %% 6 -] FF > ¥ &- MnO2 figzk - 2 * 0.3
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2. Z k2 moke fRib ik o - 10 mg e- MnO2 dezk 2 452 2 mL B B pE
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Wt F A ETEE O BT EBR B @ H B> Schemel -
BrRRREZFT 2T E L Fig 10 17 > g2 4 GCE fr
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Table 1. Comparison of electrochemical determination methods of Ponceau 4R.

Linear range  Detection Limit  Accumulation
Electrodes

(ng/mL) (ng/mL) time
EGPE 6.05-1813 3.8 400 s
IL modified electrode 6.05-3022 0.85 500 s
CNTs modified electrode 25-1500 15 2 min
MMT-Ca modified electrode 10-3000 2.5 2 min
Cu-BTC modified electrode 1.25-500 0.65 1 min

(Yang et al., 2017)
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Table 2. Determination of Ponceau 4R in drink samples.

Samples By HPLC (mg/L) By this method (mg/L)  Relative error
A 1.325 1.274 -3.8%

B 0.987 1.064 7.8%

C 1.216 1.295 6.5 %

D 1.509 1.437 -4.8%

E 1.176 1.283 9.1%

11

(Yang et al., 2017)



Table 3. Comparison of the r- GO/GCE method with other methods reported in the
literature regarding the determination of Ponceau 4R.

Electrode Technique Concentration range/(mol/L) LOD/(mol/L)
MWNT/GCE DPV 4.13x108-2.48 x 10° 2.48 x 108
IL-EGPE SWSV 1.00 x 10°-5.00 x 10°® 1.40 x 10°°
Cu-BTC/CPE DPV 2.07 x10°-8.27 x 108 1.08 x 10°°
IL-GO-

SWV 8.00 x 10°- 1.50 x 107 6.00 x 10
MWCNT/GCE
BFE DPV 0-0.93x10° 1.65 x 10°®
DME DPP 0-6.62x10° 6.28 x 108
DME DPP 0-4.13x10° 7.28 x 108
DME DPP 0-5.47 x 10° 7.77 x 108
AB-modified GCE AASV 8.27 x 108-2.98 x 10° 1.65 x 1077
r- GO/GCE SWV 200x107-9.71x 10° 2.84 x 108

MWNT/GCE: multi-wall carbon nanotube film-modified glassy carbon electrode; IL-
EGPE: ionic liquid modified expanded graphite paste electrode; Cu-BTC/CPE:
copper based metal-organic framework modified carbon paste electrode; IL-
GO-MWCNT/GCE: ionic liquid-graphene oxides-multi-walled carbon
nanotubes modified glassy carbon electrode; BFE: bismuth film electrode;
DME: dropping mercury electrode; AB-modified GCE: acetylene black
nanoparticle-modified glassy carbon electrode; r- GO/GCE: glassy carbon
electrode modified with a reduced graphene oxide; DPV: differential pulse
voltammetry; SWSV: square-wave stripping voltammetry; DPP: differential
pulse polarography; AASV: adsorptive anodic stripping voltammetry.

(Moraes et al., 2018)
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Table 4. Determination of strawberry flavor juice sample by the r- GO/GCE method
and HPLC-DAD technique.

Method r- GO/GCE HPLC-DAD

Found values /

29.8 + 2.52 29.7 + 0.643
( .« mol/L per gram of sample)

r- GO/GCE: glassy carbon electrode modified with a reduced graphene oxide; HPLC-
DAD: high performance liquid chromatography-diode array dectector.

(Moraes et al., 2018)
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Table 5. Comparison of performances of the - MnO2 microspheres/CS/GCE with other

modified electrodes.

Modified electrode

Linear rang ( 2 mol/dm?®)

Limit of detection

(nmol/dm?)

MWCNTs/GCE 0.041-2.4 25
Acetylene black

. 0.082-6.6 5.
nanoparticle/GCE
Expanded graphite paste 0.06-4.0 )
electrode
Alumina microfibers /GCE 0.001-0.1 0.8
CNT/ppy/GCE 0.008-1.0 1.0
Poly(EDOT-AA-co-
EDOT):PSS-SWCNTs- 0.0055-110.6 1.8
PVA/GCE
g- MnO2 microspheres/CS/GCE  0.005-1000 0.1

14
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Table 6. Effect different interferences on the peak current signals of Ponceau 4R (1.0
mmol/dm?) at the e- MnO2 microspheres/CS/GCE.

Interference Concentration (mol/dm?) Signal change (%)
Oxidation Reduction
KNOs 0.1 -0.89 0.85
NaF 0.1 -0.13 0.80
MgSO4 0.1 -0.99 -0.33
CaCl> 0.1 0.52 1.20
Glucose 0.01 1.68 0.76
Citric acid 0.01 -2.23 - 3.66
Tartaric acid 0.01 -0.83 0.08
Ascorbic acid 0.01 -1.75 1.34
Oxalic acid 0.01 -1.42 -0.93
Cysteine 0.01 1.21 0.80
Glycine 0.01 -0.17 -1.15
Tryptophan 0.01 0.29 -1.51
Allura Red 0.001 3.59 181
Tartrazine 0.001 2.39 2.05
Amaranth 0.001 2.81 3.81

15

(Huang et al., 2016)



Table 7. Determination of Ponceau 4R in three real soft drink samples by the proposed

electrochemical sensor and HPLC, respectively.

HPLC ( 1 mol/dm?)

Sample Modified electrode ( mol/dm?®)

1 5.8 6.2
2 3.5 3.6
3 1.0 1.3

16

(Huang et al., 2016)
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Scheme 1. Schematic representation of preparation of e- MnO; microspheres/CS/GCE.

(Huang et al., 2016)
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Fig. 1. TEM image (A, scale bar: 100 nm), SEM image (B), XRD image (D) and N2
sorption isotherm (D) of Cu-BTC frameworks.

(Yang et al., 2017)
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Fig. 2. (A) CV curves of 5.0ug/mL Ponceau 4R Cu-BTC/CPE in acetate buffer
solutions with different pH values, inset plot: CV curves of Cu-BTC/CPE at
pH 5.0 without Ponceau 4R, scan rate: 100 mV/s; (B) variation of oxidation
peak currents as a function of pH value, error bar represents the standard
deviation of triple measurements.

(Yang et al., 2017)
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Fig. 3. DPV curves on CPE (a, ¢) and Cu-BTC/CPE (b, d) in pH 5.0 acetate buffer
solution (a, b) and in the presence of 100 ng/mL Ponceau 4R (c, d),
accumulation time : 1 min.

(Yang et al., 2017)
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Fig. 4. Influences of modifivation amount of Cu-BTC (A), accumulation potential (B)
and accumulation time (C) on the oxidation peak currents of 100 ng/mL
Ponceau 4R. Error bar represents the standard deviation of triple

measurements. Other conditions were the same as in Fig. 3.
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Fig. 5. (A) DPV curves of Ponceau 4R on Cu-BTC/CPE with different concentrations
of 1.25 (a), 2.5 (b), 3.75 (¢), 5 (d), 12.5 (e), 25 (f), 37.5 (g), 50 (h), 125 (i), 250
(), 375 (k) and 500 ng/mL (l); (B) calibration curve for Ponceau 4R. Other
conditions were the same as in Fig. 3.

(Yang et al., 2017)
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Fig. 6. SEM of (a) GO/GCE and (b) r- GO/GCE for 50,000-fold amplification.

(Moraes et al., 2018)
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Fig. 7. Cyclic voltammograms for 100 umol/L of Ponceau 4R in 0.01 mol/L buffer BR,
pH 7.0 on (a) GCE; (b) GO/GCE and (c) r- GO/GCE. v =100 mV/s.

(Moraes et al., 2018)
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Fig. 8. Voltammograms obtained for individual oxidation of 100 umol/L of (a) Ponceau

4R; (b) Allura Red 40, (c) Brilliant Blue FCF and (d) in the presence of the
three dyes using r- GO/GCE in BR buffer 0.10 mol/L, pH 7.0 (v =75 mV/s)

(Moraes et al., 2018)
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Fig. 9. (A) Square-wave voltammograms on r- GO/GCE in (a) 0.10 mol/L of BR buffer
(pH 5.0); (b) 1 mL of diluted sample and successive additions of Ponceau 4R:
(c) 2.0; (d) 4.0; (e) 6.0; (f) 8.0 and (g) 12 umol/L. Inserted: standard addition
curve constructed by the two analytical cells method via adsorption (Analysis
of Ponceau 4R on r- GO/GCE section); (B) chromatogram obtained for a

sample doped with 4 pmol/L of Ponceau 4R.
(Moraes et al., 2018)
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Fig. 10. CVs of Ponceau 4R (1.0 mmol/dm?®) at (a) bare GCE, (b) CS/GCE, (c) e- MnO>
microspheres/GCE and (d) - MnO2 microspheres/CS/GCE. CVs of - MnO>
microspheres/CS/GCE in 0.1 mol/dm?® PBS (pH 2.0) without Ponceau 4R (e)
Scan rate was 50 mV/s.

(Huang et al., 2016)
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Fig. 11. (A) DPVs of Ponceau 4R at the e- MnO, microspheres/CS/GCE in 0.1 mol/dm?
PBS (pH 2.0). Concentration: 0.005, 0.05, 0.1, 0.4, 0.5, 0.8, 2.5, 5, 10, 25, 50,
100, 200, 250, 400, 500, 600, 650, 800, 950 and 1000 umol/dm?* (from a to v).
(B) and (C): linear relationship between cathodic peak current and
concentration.

(Huang et al., 2016)
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