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Recent research on monitoring telomerase activity

Guo Lin-yan, Yang Ming-hui”
(College of Chemistry and Chemical Engineering, Central South University, Changsha 410083, China)

Abstract: Human telomerase is a ribonucleoprotein complex,which functions as a telomere terminal transferase by
catalytic adding telomere repeat TTAGGG to the end of chromosome using its RNA as the template. Due to a very
strong association between telomerase activity and malignancy in nearly all types of cancer, telomerase plays a key
role in the tumor occurrence as well as development. Monitoring telomerase activity is believed to be important for
cancer diagnosis, prediction and provides an important basis for clinical treatment. This review summarizes recent

development for detection of telomerase activity, with emphasis placed on in situ detection.
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Fig.1 Analysis of telomerase activity by following the hemin/telomere-G-quadruplex-controlled L-cysteine
mediated aggregation of Au NPs
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Fig.2 (a) The number axis theory for clinical estimate of bladder cancer without pain. (b) Telomerase extraction
from urine samples. (c) The scheme for telomerase detection
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Fig.4 Schematic illustration for the detection of telomerase activity using telomeres-induced two-stage isothermal
amplification-mediated chemiluminescence assay
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for telomerase activity detection
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Fig.9 Fluorescence amplification assay of telomerase activity
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The application of signal amplification strategies in electrochemical
biosensors

Chen Ying
(School of Chemistry and Chemical Engineering, Southwest University, Chongging 400715, China)

Abstract: Rapid, simple and sensitive determination of biomolecules has become increasingly important in clinical
diagnosis, food analysis and bioterrorism/environmental monitoring over the past few years. Electrochemical
biosensor has gained increasing interest due to its inherent advantages such as simplicity, sensitivity and low cost in
cooperation with the comprehensive applications in different fields. Various signal amplification methods have been
reported to achieve high sensitivity for biomolecules determination. In this article, we briefly introduce the
fundamentals of the electrochemical biosensor, and emphatically summarize the popular signal amplification

strategies applied in electrochemical biosensors.

Key words: electrochemistry; biodetection; signal amplification strategy
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Abstract: Metal-organic frameworks(MOFs) are a class of hybrid materials self-assembled from organic bridging
ligands and metal ion/cluster connecting points. As nanoporous, supramolecular materials, MOFs have unique
chemical and physical properties, such as ultrahigh surface area, tunable structure, and high thermal and chemical
stability. These characteristics make MOFs very attractive for chemical sensing. That short-focused article reports on
recent efforts and progress in MOFs-based sensors with an emphasis on the design of functional MOFs and signal -
transduction strategy, including optical, electrochemical, microbalance, and photoelectrochemical schemes, for
analytical applications in detection of volatile organic compounds, metal ions, DNA, proteins, and other important
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BT, M AR AR 25 - LAJS 7T ABH 113X Fh
PERIE ZnO T AWK R S, DR SHERR
MBS T IR BEAH DG  BERRARPH I ZnO HE 1 50
VK B HLERAE T 15 YK MOFs 1) 2% #4 148 1 BH. 1k
MOFs 5 ZnO 456, A% e A R A7 IR i
R LM EILE 0.5~12 wmol/L Z Ja] , #: F
FR & 53 nmol/L,

Lin SE0K HA 8 2 HLak A e LA S (14 ik
514, (BPEI-CQDs) 265 ZIF-8 2, & ili—
PR B2 64k MOFs,, X Fi#T 2tk MOFs A
ICEA H DO ETEYE . X BPEI-CQDs R 811
VEEENE | T H LT MOFs fi4 W [t 4 | RE i xt H
BT M T R I Ha Rt = (LA 2), 31X
Fh BPEI-CQDs/ZIF -8 & & ¥ T FH A i £ K6 il
Cu® Y 8 R M e BRI R AR a2
2~1000 nmol/L, ¥l T FR 15 80 pmol/L, Jf H & &
TN N FH AR R B AKRE ) Cu e
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Fig.2 Concept and process for sensing Cu* based on fluorescence of
carbon quantum dots in ZIF-8 [*!

Hao 25U A 1l T —Fh b A0 B2J7 (GOYE il
HAG 5 6MERE 1Y Zn-MOFs , %Ak B AT
IKAYHELEE, MKW Cutif, Zn-MOFs Hr 1)
Fiik s CutfE 2 & A 9Ok, P vl R A
DR Y Cuzer i, o PRk L e e o, 4
R FRATAF] 1 wmol/L, Carboni 2521515 T W
FhHA Zr-OX0 454 Pt MOFs, Bitik sy
SN T M R (MOF-1) A1 1E A2 BE FIR (MOF -2) ,
FIFH MOF-2 78 M [l 7K 5 1 B 5 A3 K, %f
MnZ &3 R FR AT 353 8 nmol/L, Song S5 7E 4K
Sio, R Al — 2 ZIF-8 WiE, &£l
Si0,@ZIF-8 4k}, XA KB REXT Cuz BB A
B (A U R N AR, L RS P g N
TRH THEH KMIEM . Cur ik E 7 10~500
nmol/L Y [l PN , 2615 5 2 I R A A 4k, Rl
TBRATAF] 3.8 nmol/L, b AT A FREE ACKE i

JREAY Cu?,

LA , MOFs M4 BH7E A= 43 Bt v (%) 1, FH &
ZKYE, Fang %P B DNA ik A4 kL5 MOFs
PEATTCARIC I | AR DT IR R SRR 7 5]
DNA, LA MIL-101 YE P K-5 , 7T LAREAIE DNA
A E AW otk SYBR Green (SG) AU 5
PG, HALBAIE 3 Fi7R :MIL-101 it - HE
&, VIR E A EAER SR ZU B DNA B4t 2 &
Prit SG,1f SG YLkt tom B R RREAL, Y
JInAHE DNA J5 TE il i W% DNA B 32 25 MIL -
101 R1H, 1M SG Gk Ll A 5/NASS G 1T
5 XE DNA 454, 1 SG YLkl me i B Kk
MR IR BRIk 73 pmol/L, K RAE TRkl KA
HEAA BT A MIL-101 (951, ({50 1
T 8 £,

Yang 2514 5, T Co-BTC, P HA# Ak g rT

{‘GW' |-\ signal-to-Background ratio
A N

fE‘Z? ¢ Without MIL-101
low S/B ratio

O Target— | <&

o —_—
B '_|_ - s With MIL-101
v M_ & high S/B ratio
’HIL-‘IM Probe DNA [\ [\Target DNA | SYBR Green |

K3 FIFH DNA # AGLRHE TG MIL-101(A) %A MIL-101 i BT 5415 55 (B) K DNA /18 4] 3
Fig.3 Schematic illustration of using DNA-intercalating dye without (A) or with
MIL-101 as a low background signal platform (B) for the detection of target'®!
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PERERI I A RO E LA v REJE A
Co-MOFs i tE & JR 7 5 58 A L Z [RIE R T
AL SR . Co-MOFs-£ K% 14 2 ik fig 1]
TR L , 7RIS T L-P IR
B A6 0 Y5 BBl 0.1~10 wmol/L, A& 3 R FR ik 18
nmol/L,  Liu SFVH| ISR M T RGA T S i 4 b
KR (AUNPs) Sl ik i L I 5 | 21 6 5] Fe-
MIL-88 M, ArisZefbstkl Au@Fe-MIL-88 H
BRI EIBHGTE, BABE DNA TRZE 5 W B e H:
Fm, R E B2 A TS YE A DNA fg
sl IR R (WL 4), HEJFE S5 AR
DNA (Y BE B IE L, 2 A% B A e 1 Vi [l & 30~
150 nmol/L, #&:1 F FR 2 11 nmol/L, 7] F T-Tohric
Fe A8 7 K DNA 4252,

Fe™ .

& &

5 o %
" @ e n

~ s THI

oo S e
+ AN i E::i_ l,:;g}'
l'b,‘_*_v‘ I.

Kl 4  Au@Fe-MIL-88 [l £ (a) 54l DNA JFEHE(b)7=
(%]

Fig.4 Schematic iIIustra:io%] of the proposed preparation
method of Au@Fe-MIL-88 hybrids (a) and their
application in the detection DNA (b)*!

Zhu ZFENHE5E HKUST-1 ] @3 & ki
5 HO, X— RO RN, BRI IE H H ARy
A R T R B R DGR BEAR = 90 A%, T
Z W e S BUROGR EE TR P8 s ml F 1
FEZ B R R BRSR 2.3 nmol/L,, Xiong 514
BT — PR AN S Ce-MOFs, iZib &4 A2
SRS PE 5L T2 BT R A RO TR P R
T By RAHY e @I 7R T A
WM IERE S A S B Y, Tian SF4f0E
T —Fh T Fe-MOFs (44 K #: (1) DNA 76 1%
SRS AL A BRI R R S 10 pmol/L, T
BASAR  NTR G BRI (S 1] Ry 4 min, JF4sf
W T ARG 1) 2H ) A% TS el 1 R P 1) 5 ]
PAR L 4 T s 1 S AR A B R M

BEAb, 4K KEA% () MOFs It KL A5 v
BEAT AR AT B S BNA JE NAA: BLZ A
e R A S E UG ST T,
T HS 8 i BSE PR AT B, S A i A
FEMIREAS  H,S Mk AR (L RA 20 L Ma
SR H 3D g4k fL4E Cu-MOFs 1E R kil H,S
MIFOCERET B RA R4 s R Yt i H
IHRGH , R i PR LF  7R2E B pH AT
AR H,S, al TS AR A M LR AR AR
o

2 ET MOFs WL FERER

FIFH MOFs M4 K 1 b 3 T BRI AL 15 1
AT LA B A 2R IR B M R PR E . Hou 25142
ZIF-8 1A A i, Cos0, A KK T , # Co,0,@ZIF-
8 MM BB fe LA b, ST IEIMR Lk SEBL T %)
R HEFTORUAE /K 1 v 2 SRS, AS BIR -l 15
0.1 wmol/L 0.8 pwmol/L, Hosseini 51K 171 2% Au-
SH-Si0, 4 &KL T HY Cu-MOFs JH -1 1fi 3% ik Ha,
BAGIN L= e 2R , 45 %W Au-SH-SiO,@Cu-
MOFs X} L->f Bt 2R HAT B AF A Tis e, AR
Ak A7 BH 5T 8 T e P 3 S S A, e L-2f
o S R 2 PR L 0.02~300 pumol/L, K6 B
Jy 8 nmol/L, Ma ZEI L ZIF-70 1E N 3L f 311
T TR AR PN R A W 1 F Ak 2R AR A R O
JRERANE 5 B, BVFRIAH ZIF-70 fEf AL ik
FEU )W B (MG), 7= W 5 8 25 4 o & g
(GDH) Fi 5 WE BT RN ™) NADH i,
DA SRS D R 25 0 | T2 A s A A AR B Ry 0.1~
2 mmol/L i FEl A RAFIZME

H MG

# GD
g~ MG, Nmug :llglmm ™
K X :
-
- MG, MAD* k:lummllcmu_,

B5 3T ZIF-70 A4 B R e
Fig.5 Schematic illustration of the proposed ZIF-70-
based biosensor [41

Wang <511 MOF-5 f& i i 3 e i i 5 A
VAR TR T B e AR P U AR 22k 2
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Po?, TEACAL B SEI0 25 0 F A IE M ZR AR M MUBRRR 2% o b A AR e o L k22 e . R
il 4 0.01~ 1 wmol/L (r?=0.9981), ¥l FFR A 5  Cu-MOFs-MPC VE A #REF A& It IA 1 R A1 1y 2T
nmol/ L, Wang 55 ChE M IEMA LA T 28 EAMEE, BT R55058 3.5 wmol/L,.0.04
RAIKE 5 & B A VYR E G EHE 4R pwmol/L,

MWCNTs@Cus(BTC), i) HL i {5 Xt A ma 1o, He Ling &1 83 T — Rl Fub stk MOFs 5 =
Rl N PR AT 7.9 100 mol/L, Wang S5 DIHIE  BRIE S T A5 A5 R L fb 2% DNA LI (&
TIHEAL ) NH,~Cuy(BTC),MOFs il & & LA 6), streptavidin T BE 1L A9 Zr - i) Mk MOF (PCN -
B R 2 S, B NH-Cus(BTC), UM 222@SA) EAA R AL IL 5 O, 13E T, A
FEPEI RO T B T B R ERER I ARG N RE RIS R BH, BT T 9 oK R 5
FTRLARSERG I ZEAL S T B B e BB A SR T Y biotin FRICAY = HEHE 18] (Y
{2 0.01~0.5 wmol/L, # FRR>M 5nmol/L,  AHEAEF#EBHZE, 47 4F H b5 DNA B, & 5 =12
Zhang 55115 B T —Fh Cu-MOFs, JRIG IR G 7E  ErP A4 BI DNA 258, 30— I20E 7 7 25 4 fit
KALEE B A4 BHMPC) [ 25 7T P4 (Cu-MOFs-MPC), A, PRI B F AR ) R 3 biotin TS A ITTAR 25
L4 T Cu-MOFs MPC fll Cu-MOFs-MPC {2 S IEIE 5 S 90KIEE (PCN-222@SA), 1544 3%
AEPE SRR S B A SIS IR TS I AGUORERE il i 3 RO A T 1 LA AL
EWc%ﬁ}ﬁ,Tykﬂlﬂ% FaETEAE IE pH N 7.4 Wi, 454 DNA TR HAR | 12245 IEES ity mie 1 52

i # =
Banzurc acid 1)TEQS, GOPS | - ,f/—
—_—r i
120°C dB h 2) 58 g \l/

Iri:l. PCN-222 PCHN-Z22@5A Potential

DRV I ’
l ...EC :ED
-Tﬂ D: G:ﬂ'""}%

(= Biotin labelied hairpin /s Assistant DHA i Exolll "/ Target

Current

K16 (A) PCN-222@SA ZKARET B AL, (B)FEAL A IS 45 G IR PR ORI DNAL]
Fig.6 (A) Synthesis of PCN-222@SA composite, and (B) electrochemical strategy coupling with target recycling
amplification for DNA sensing [*°]

B — 2D R BRATIA 0.3 fmol/L, 66, Pt NPs@UiO-66 HA R 4F 1Y Al A 4514 , Pt NPs
Guo 51017 4 H MR R T LA ST AR A O ARG T HAA N ARSE R Y Ui0-66 HE4E
SEOR I, I LA = A B OR(INT) A 4y v, 2l S R Bt T 0 22 (1 F v R 7

%, AAF T FELBRGFL MOFs F T4 s il i S S A 5 A r A 16 o | e 4

2 TNT (LR i b RAUE Sedetk  fefifery MR, LHEY R 5 wmol/L ~ 15 mmol/L,

SRR, R R BRIAE] 0.04 fmol/L, M H AT A FER A 2 wmol/L, Sy i Al E R fh a4 IR

DNT A Rm st TR —EK, ZiE b T4t T —Mings ., Yang 11

N HRIE T 50 FER IR L MOFs MAEH IR /KIEA LT —FBi i Co-MOFs Ff44 H FH T

259 (G5 V), R BR>A 3 fmol/L, Xu S5 %20K AL EAE R E H,0,, LMV A 5 wmol/L~

WiSe A B Pt KA (Pt NPs) fim A %I —Fp 9 mmol/L, K1l F R~ 3.8 wmol/L, I AMA & i

Zr-MOF (UiO-66) 1, #4552 &6k PtNPs@UIO-  Co-MOF H A 1R i iy 2it Ak S A AL s e, 7]
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HEALH,0, 7= A F 3, xR — R e Aot
ARk, Wang %55 B T —F Cu-MOFs,
PLEAE A Ak 22 2 A BB AY | 356 FH I 2 R iy
BRI FH T 52 S bR ) 52 XY A, Cu-MOFs ()5
Fb T AR )Tt B LR A RIS i T e A S
MR, SRR, BRI A R A B B ) Ry 11 s,
ZEPEVE10.05~ 3 mol/L, &1 R B4 13 nmol/L

W B i FH A R T A XA LB A
k2% A4 AR 5 MOFs 1 285 & th A AS /b SCilk
i, Zhan 451°V7E S i BRI T DL AR 22 T vk
& Zn0 YK, LA R REIR 5 — Rk R 1 Tk
Pk R N % ZIF-8 |2, 3k ZnO@ZIF-8 Jist
A G AL B, R ZIF-8 (FLAR I BE 1
FH SR AL RS 1B | 0 K0, 7T LIS ZIF-
8 MFLIFS ZnO &M, P IR ML R (AA) WA BE 1
A ZIF-8 ByfLr, [HIt ZnO@ ZIF-8 fE A YErL it
Wil H,0, Y& 3 3G I3 in, - 17 BB A o R e J 32 34
TR R, HEAG I JE R AN R 7 BT s, Xu 2R
MOFs 5 H1 /b 2% & G (ECL)FH 45 & LA & I BE 4T 1Y
BCAAR RN Zn2 5 B T BA AR I35 PR 1 MOFs,
B ISE AN AZ FL AT () 52 i EL A HL A R T 7
5L R AT R A A AR R AR R ) ECL
5%, B/ T MOFs Ry BB 1 | i B |
PEALBEREPE S 0 s, I FH T IR it rp ] R [
I AE

i TR Z 4 MOFs A1 BHAS B 1 5 HL AR AR
5t MOFs 15 b TR A BHE F 22 A2 IR A i
N AR E D . Campbell S5+ 5 18 T Cus
(HITP),, ‘& J&— Fh 3 F M 45 1Y) 2D MOFs, Hi s

517 ZnO@ZIF-8 J:Hi it ffe ek # I B/ 75 5] 15°]
Fig.7 Schematic illustration of the proposed
ZnO@ZIF-8 hased photoelectrochemical sensor(*!

FERIKF) 0.2 Slem, Bs Cus(HITP), 43 Bl ik i 14 16
PRI LR 2 ), B ] g S g Ak i B Y A
B S E A AT F S 3R B R 1% B
JOE AT X B ARSI R AR R ] 11074 9% K-,
i AR R 45 A Niy (HITP), FL%E, Cus(HITP),
HCu b B AL AT A A e i RS SG BE AE O
Gassensmith 2558 i T —Fl 3 T MOFs Hi fk 2%
FHETAS TR 1Y) CO, ARk, IR HUE R BT A Al
MOFs Ht [{ A FR I 55 AP Y CO, S A= il e
SERRTRTE , 76 MOFs PN ) Tl 27 IR ot ik AR £ Bt
i C-0 #Bh Syt B e fLy O FEEBAE N
KA BT, TS MOFs ELA 1R & 1Y it 1 HL 5
B HEA CO, ffi HiEg 7 i TR AR 550 £, %8
ST T E IR CO, WA, Davydovskaya 55!
5T T 3T Cu-BTC MOF MU AL R Y 3y pR %L
RIS ARG AT CBEME |, IFHe TR 7
SR 2 2 (A1 RT BE SN HLEE,

Allendorf 25000 F oAk R A4 Jat W Ty %
B I REZE 1 MOFs Z5 A8 A5 £k BT 7 A 1) 1 1 284k
TS T HKUST-1 W fff 2,52 CO, A7 # Uk
49 I8 7 i 7, T W BT N T O, B4 T3 AR ARAR DN
HEIFEFT 220 S RG24 . Robinson
SN DLE Bh )22 4507 0 MOF(Cu-BTC) L
R A 3R 1T 7 P AR IR R 1T, T 7 % SRt
XK v AR e 137, Gr I B SA 0.00003% ~
1.5% (V/V), PERESE T H T2 i IR AL IR AN
Cu-BTC Z BN i A7 Ak SR, B RIn
F] 100 CLL EAN i, AR T WL
K FHTIE T IR JEERE X w7 R FRE 52 Chen
DL ZIF-67 B A% 5o i 2k IR E Ak W)
(SnO,, Zn0,INn,0;, NiO) Jis il 2% BELpT Y H s S A A%
JRAS, RIETAR IR RS A TEAL A A Y 200~
400 “CF&Z 150 °C, i ZIF-67 (15 3R m A |
T = N RARE TR AT AR R X
Py i 7 208 50 e A PR A7 0.0005% , A
T AR A FR SR P A AT R R, T X SR R
St P i 1, R SR ARAIR

Venkatasubramanian %1341 T MOFs 7E1#
BB LR MR N ALEE | 7E Si0, AlLO; 1 SiN,
HZRTAIEEA MOFs i, WF9Y T MOFs it [RA i |
TARA EL %35 B S5 SO0 B T 7 (1) 5 ), 245
FEOH  H5E A LT ST L REAS 1 i 15 IR 1)
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i) 455, T MOFs 1) %% J3 X5} A% JR 25 114 i 1, J L -F-

S, Yim ZE R ZnO 9K ERE 4R B T
U5, TERETRGEE 2 LA K £ FL ZIF-8 Ji
JZ Z T R TR R O L-T AR, Y
B 75 STE ZIF-8 AT B - F bR, ) Fsf i
E LRI A AR A S R R ) . BB [ HE
IRGERG AR AL B ZE SO B HE P 2 1-TR > 2>
I, SRR SR AN R B AN IR B
5T ZIF-8 HEZRZE Y “ T - 3500, MK T B
ATk R B 5 AT 3l 0 25 ih 4T LR R
MIRAEZE A 5 BAREE, Deep 2515 DUt
T b4 AR A I A 4K 2544 /) Cd-MOFs,
FEFH T 28 HOR 0 G2 A T A, BT 38 57 ) o i ol
H, A BH T A% S o e 102 31 L R 0.1~20 ng/miL,
X HAA LA A A R AP REE

3 AEBERRTFRIE MOFs HIR 4%

A ATRE (quartz crystal microbalance,
QCM)VE Ay — Tl ey R AU %) o A B, AL
25 WAL SE A A IR A ek A O B T AR
[k R ) W 7 TR ARAS ) V2 4 A L QCM AR
Bz —RETHATARCAEE, (59 ESEM,
MOFs & ik BYFL 7S F AT T HAT AR 12 14 W B fig
3, W BT DU R QCM S AL G A AARTE
22 LA Rk v W AR ) R AE S5 0 il
R A S T e VR o i 5 ) o AR Ak (R
PRSP RISTT RASE AR, ) AT ERR
AL S G >100 mg),  QCM 7EI & 2 11 i
AT A — B AR, iR,
FE R 2 v G 1% ot i AR Ak o 1o B2 PR, RESE B
SR ShAS AR, i FLI e Y R R AR AL, T
TAHATFRICAN IR, DL QCM BIFFERA Y W RiH 4
AT B R B AT | T LB A S A% o %
PR BORE T LA sk (o FH R IBURE I B 7 B A 4R 5
AR, Hik, AR FH QCM ifF5E
MOFs M ARp 1 i SCRRFIIE B s £

Biemmi S5z 18 T I FH I 2H 2 B2 L AR
Trfgfbry) QCM R Lyl b —)2 HKUST-1 fii,
WFFE AR JE B B MOFs RN 7Kk 26 S B W B A 74
Ameloot 55171 FI] H HEL Ak 22 75 4 QCM R 1 1 DAY
Cug(btc), B, IH- W M2 B B K 28 SR A, 45
TR ZMERT 7K 2SR I B Ay T 3t g o TR BfF 2

AT IR 25%~30% AR5 /N5 MOFs Z 1] (1)
PR B0RT DL MOFs & 1 1Y) QCM 3 i 4
Zybaylo %51V F] FH AHAME T 7E QCM 4 B i) [
DUR T & A Y Cu-BTC i 188 ok I 2 e
W BRI Bl g2 2R AR AE = IR Pk RE i ER
Bk 1.5x107° m¥s, EiE 5 Cu-BTC 1 Cu(I)f7 s
AH I A 45 4 g 18 keal/mol, 5id it 71k 2#
TR R —E,

Huang ZH®HF58 T MIL-101 MOFs JIEAE K,
FEZ5A X VOCs F MR, TN T AH G Y i
BRI 2540, 45 5R R MIL-101 EeiE R 2
e P Bf 5 £ 5 W B P H 4, Khoshaman
GO0 MOFs HIHL 25 TR QCM I, 76 T4
Hy S SR I R | DU S | S5 O S5 ST
PR TR A A LUER S5 R R W %5 Ty Ik el 4
15 QCM TSR (AU 1 , X PRI | DY &k iRg | S
Pt = S M A ISR 1 e /IR W BE 3 i)
0.005%, 0.001% #1 0.0002%, Venkatasubramanian
AEMIRLQCM 52 T CO,,CH, Fl N, 78 B /N fL
# MOFs (Cu-hfipbb F1 ZIF-90) I iy Bt , 1
W2 RT3 B2 5 K CO,>CH,>N,, B AT THE M Ff MOFs
AR SRR AR 2 S, S HAr RN S LR
A5, Liu SEU2F) FH QCM Wil 1 2 1 k4 e
HHUHEZLZ 0 4 Kad B2, 7F Au LI o8
— B, SRIE R W ARSNE ) Tk E R 2
JZ74 ¥ [Cu(ndc)-(dabco)os] , H1 T~ i 3 A AF T , fifi
W2 ARG YEAR A T RE SRR G R
FNEIEIE T2 . Betard Z5P 5% FH 51T
EAE 4 L A 32 1 DU AR /K A9 [Zn,0(dmceapz)s], ik
L QCM WEilli% MOFs X e BE s R R fe | —
FR RS/ N F R B 2, O 7 AR
R | ABESEONEE B 5 s O i 5

Brutschy %™ ] Ha i 25 HUR [ FLAR R A HILIE
RAEEWUIRRE] QCM |, BIFSE T X5 e 71
HYEEAE . Liu 48R 2 2 42 AR M E AR K
Pl a5 T F% MOFs #ifiEE , 5% T (2R,5R)-2,5-
OB S (2S,55)-2,5- T i k) o) e 38 6
FRFOST At TR 7E QCM SR THI A [ AE £ [100] F11[001]
] M4 [Cus(ndc), (dabco)]MOF Ji5 | kb 4% T JL AP
VOCs 7EA [ fiy 17 b AW B 25 5, 5 MOFs i &
AN TR) J7 1) AL AR RN 22 A W A
Shekhah ZEfF58 T 18 OH- B figfk Au =i iy
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— P BRI | R B 3 R R
Wannapaiboon 517V 7E 4 56 T FH 2 A5 AH 41
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G54  TETE T AZE U A A s TR A
TG RO A2, MOFs MR o 2 5 0
R IEER R DA E A SR R 2 — |, AR EiRIE
i) MOFs 15 I #R R 2 | (HAR Z W 5T A3 9K 155 B TE A4
BHE L G5 R SR RAE , 78 52 bR AT I
HZ PR, AR SRR BRI AR S bR A TR E
—E A, I, BRI R S AR 5
AU S AE 5 TR B AR AL A 4 J& MOFs 1%
AT IE I EE T W]

S 3k

[1]Zhou H C, Long J R, Yaghi OM. Introduction to metal-or-
ganic frameworks [J]. Chem. Rev., 2012, 112: 673-674.

[2]Stock N, Biswas S. synthesis of metal-organic frameworks
(MOFs): routes to various of topologies, morphologies,
and composites [J]. Chem. Rev., 2012, 112: 933-9609.

[3]Jeong YL, Omar K F, RobertsJ, etal. Metal-organic
framework materials as catalysts [J]. Chem. Soc. Rev.,
2009, 38: 1450-14509.

[4]LiJR, SculleyJ, Zhou H C. Metal-organic frameworks
for separations [J]. Chem. Rev., 2012, 112: 869-932.
[5]De CJB, Peterson G W. Metal-organic frameworks for
air purification of toxic chemicals [J]. Chem . Rev.,

2014, 114: 5695-5727.

[6]GuZY, Yang C X, Chang N A, etal. Metal-organic
frameworks for analytical chemistry: From sample collec-
tion to chromatographic separation [J]. Accounts Chem.
Res., 2012, 45: 734-745.

[7]1Kreno L E, Leong K, Farha O K, etal. Metal-organic
framework materials as chemical sensors [J]. Chem.
Rev., 2012, 112: 1105-1125.

[8] Lei J P, Qian R C, Pinghua Ling, et al. Design and sens-
ing applications of metal -organic framework composites
[J]. Trends. Anal. Chem., 2014, 58:71-78.

[9]Meyer LV, Schsfeld F, Miiller-Buschbaum K. Lan-
thanide based tuning of luminescence in MOFs and
dense frameworks - from mono- and multimetal systems
to sensors and films [J]. Chem. Commun., 2014, 50:
8093-8108.

[10] Pramanik S, Zheng C, Zhang X, et al. New microporous
metal-organic framework demonstrating unique selectivi-



40 =

f&

I 35 %

ty for detection of high explosives and aromatic com-
pounds[J]. J. Am. Chem. Soc., 2011,133:4153-4155.

[11] Campagnol N, Souza E R, De Vos D E, et al. Luminescent
terbium -containing metal -organic framework films: new
approaches for the electrochemical synthesis and appli-
cation as detectors for explosives [J]. Chem. Commun.,
2014, 83: 12545-12547.

[12] Gole B, Arun K B, Mukherjee P S. Modification of ex-
tended open frameworks with fluorescent tags for sensing
explosives: competition between size selectivity and
electron deficiency [J]. Chem. Eur. J, 2014, 20:2276-
2291.

[13] Nagarkar S S, Desai A V, Ghosh S K. A fluorescent met-
al-organic framework for highly selective detection of ni-
tro explosives in the aqueous phase [J]. Chem. Com-
mun., 2014, 50: 8915-8918.

[14] Lu G, Hupp J T. Metal-organic frameworks as sensors: A
ZIF-8 based fabry-perot device as a selective sensor for
chemical vapors and gases [J]. J. Am. Chem. Soc., 2010,
132: 7832-7833.

[15] Li Y, Zhang S, Song D. A luminescent metal —organic
framework as a turn -on sensor for DMF vapor [J].
Angew. Chem. Int. Ed., 2013, 52:710-713.

[16] Shustova N B, Cozzolino A F, Reineke S, et al. Selective
turn-on ammonia sensing enabled by high -temperature
fluorescence in metal -organic frameworks with open
metal sites [J]. J. Am. Chem. Soc., 2013, 135: 13326 -
13329.

[17] Zhang M, Feng G, Song Z, et al. Two-dimensional metal -
organic framework with wide channels and responsive
turn-on fluorescence for the chemical sensing of volatile
organic compounds [J]. J. Am. Chem. Soc., 2014, 136:
7241-7244.

[18] Wan X Y, Song H J, Zhao D, et al. A Y -doped metal-or-
ganic framework-based cataluminescence gas sensor for
isobutanol [J]. Sens. Actuators B, 2014, 201: 413-419.

[19] Liu X G, Wang H, Chen B, et al. A luminescent metal-or-
ganic framework constructed using a tetraphenylethene -
based ligand for sensing volatile organic compounds [J].
Chem. Commun., 2015, 51:1677-1680.

[20] Douvali A, Tsipis A C, Eliseeva S V, et al. Turn-on lumi-
nescence sensing and real-time detection of traces of wa-
ter in organic solvents by a flexible metal-organic frame-
work [J]. Angew. Chem. Int. Ed., 2015, 54:1651-1656.

[21] Ohira S I, Miki Y, Toru Matsuzaki T, et al. A fiber optic
sensor with a metal organic framework as a sensing mate-

rial for trace levels of water in industrial gases [J]. Anal.
Chim. Acta, 2015, 886: 188-193.

[22] Wanderley M M, Wang C, Wu C D, et al. A chiral porous
metal —organic framework for highly sensitive and enan-
tioselective fluorescence sensing of amino alcohols [J].
J. Am. Chem. Soc., 2012 ,134: 9050-9053.

[23]1 Qin L, Zheng M X, Guo Z J, et al. One non-interpenetrat-
ed chiral porous multifunctional metal -organic frame-
work and its applications for sensing small solvent
molecules and adsorption [J]. Chem. Commun., 2015,
51:2447-2449.

[24] Kreno L E, Hupp J T. Metal-organic framework thin film
for enhanced localized surface plasmon resonance gas
sensing [J]. Anal. Chem., 2010, 82:8042-8046.

[25] Hu Y, Liao J, Wang D, et al. Fabrication of gold nanopar-
ticle—-embedded metal-organic framework for highly sen-
sitive surface -enhanced Raman scattering detection[J].
Anal. Chem., 2014, 86:3955-3963.

[26] Xiao Y Q, Cui Y J, Zheng Q, et al. A microporous lumi-
nescent metal-organic framework for highly selective and
sensitive sensing of Cu?* in aqueous solution [J]. Chem.
Commun., 2010, 46:5503-5505.

[27] He J, Zha M, Cui J, et al. Convenient detection of Pd(Il)
by a metal -organic framework with sulfur and olefin
functions[J]. J. Am. Chem. Soc., 2013, 135:7807-7810.

[28] Yang C X, Ren H B, Yan X P. Fluorescent metal-organic
framework MIL-53(Al) for highly selective and sensitive
detection of Fe** in aqueous solution [J]. Anal. Chem.,
2013, 85: 7441-7446.

[29] Zhao D, Wan X Y, Song H J. Metal -organic frameworks
(MOFs) combined with ZnO quantum dotsas a fluorescent
sensing platform for phosphate [J]. Sens. Actuators B,
2014, 197: 50-57.

[30] Lin X M, Gao G M, Zheng L Y, et al. Encapsulation of
strongly fluorescent carbon quantum dots in metal-organ-
ic frameworks for enhancing chemical sensing [J]. Anal.
Chem., 2014, 86: 1223-1228.

[31] Hao L Y, Song H J, Su Y Y, et al. A cubic luminescent
graphene oxide functionalized Zn -based metal -organic
framework composite for fast and highly selective detec-
tion of Cu®* ions in aqueous solution [J]. Analyst, 2014,
139: 764-770.

[32] Carboni M, Lin Z K, Abney C W, et al. A metal-organic
framework containing unusual eight -connected zr —oxo
secondary building units and orthogonal carboxylic acids
for ultra -sensitive metal detection [J]. Chem. Eur. J.,



33 R 45 - a2 J AT BURE A LT A2 A s P 1 T 41

2014, 20: 14965-14970.

[33] Song Y H, Hu D Q, Liu F F, et al. Fabrication of fluores-
cent SiO,@zeolitic-imidazolate framework -8 nanosensor
for Cu? detection [J]. Analyst, 2015,140: 623-629.

[34] Fang J M, Leng F, Zhao X J, et al. Metal-organic frame-
work MIL-101 as a low background signal platform for
label-free DNA detection [J]. Analyst, 2014, 139: 801-
806.

[35] Yang N, Song HJ, Wan XY, etal. A metal(Co)-organic
framework —-based chemiluminescence system for selec-
tive detection of L —cysteine [J]. Analyst, 2015, 140:
2656-2663.

[36] Liu Y L, Fu WL, LiCM, et al. Gold nanoparticles immo-
bilized on metal -organic frameworks with enhanced
catalytic performance for DNA detection [J]. Anal.
Chim. Acta, 2015, 861: 55-61.

[37] Zhu Q, Chen Y, Wang W, et al. A sensitive biosensor for
dopamine determination based on the unique catalytic
chemiluminescence of metal - organic framework
HKUST-1[J]. Sens. Actuators B, 2015, 210: 500-507.

[38] Xiong Y H, Chen S H, Ye F G, et al. Synthesis of a mixed
valence state Ce-MOF as an oxidase mimetic for the col-
orimetric detection of biothiols A [J]. Chem. Commun.,
2015, 51: 4635-4638.

[39] Tian J, Liu Q, Shi J, et al. Rapid, sensitive, and selective
fluorescent DNA detection using iron -based metal -or-
ganic framework nanorods: Synergies of the metal center
and organic linker [J]. Biosens. Bioelectron., 2015,71:
1-6.

[40] Liu D, Lu K, Poon C, et al. Metal-organic frameworks as
sensory materials and imaging agents [J]. Inorg. Chem.,
2014, 53:1916-1924.

[41] Ma Y, Su H, Kuang X, et al. Heterogeneous nano metal -
organic framework fluorescence probe for highly selective
and sensitive detection of hydrogen sulfide in living cells
[J]. Anal. Chem.,2014, 86: 11459-11463.

[42] Hou C T, Xu Q, Yin L, et al. Metal -organic framework
templated synthesis of Cos;0, nanoparticles for direct glu-
cose and H,0, detection [J]. Analyst, 2012, 137: 5803~
5808.

[43] Hosseini H, Ahmar H, Dehghani A, et al. A novel elec-
trochemical sensor based on metal-organic framework for
electro —catalytic oxidation of L -cysteine [J]. Biosens.
Bioelectron., 2013, 42: 426-429.

[44] Ma W J, Jiang Q, Yu P, et al. Zeolitic-imidazolate frame-
work based electrochemical biosensor for in vivo elec-

trochemical measurements [J]. Anal. Chem., 2013, 85:
7550-7557.

[45] Wang Y, Wu Y C, Xie J, et al. Metal - organic framework
modified carbon paste electrode for lead sensor [J].
Sens. Actuators B, 2013, 177 : 1161-1166.

[46] Wang Y, Wu Y C, Xie J, et al. Multi-walled carbon nan-
otubes and metal -organic framework nanocomposites as
novel hybrid electrode materials for the determination of
nano-molar levels of lead in a lab-on-valve format [J].
Analyst, 2013, 138:5113-5120.

[47]Wang Y, Ge HL, Wu Y C, et al. Construction of an elec-
trochemical sensor based on amino-functionalized met-
al-organic frameworks for differential pulse anodic strip-
ping voltammetric determination of lead [J]. Talanta,
2014, 129: 100-105.

[48] Zhang Y F, Nsabimana A, Zhu L D, et al. Metal-organic
frameworks/macroporous carbon composites with en-
hanced stability properties and good electrocatalytic abil-
ity for ascorbic acid and hemoglobin [J]. Talanta, 2014,
129:55-62.

[49] Ling P, Lei J, Ju H. Porphyrinic metal-organic framework
as electrochemical probe for DNA sensing via triple-he-
lix molecular switch [J]. Biosens. Bioelectron., 2015, 71:
373-379.

[50] Guo Z Z, Florea A, Cristea C, et al. 1,3,5-Trinitrotoluene
detection by a molecularly imprinted polymer sensor
based on electropolymerization of a microporous-met-
al- organic framework [J]. Sens. Actuators B, 2015,
207: 960-966.

[51] Florea A, Guo Z Z, Cristea C, et al. Anticancer drug de-
tection using a highly sensitive molecularly imprinted
electrochemical sensor based on an electropolymerized
microporous metal organic framework [J]. Talanta, 2015,
138: 71-76.

[62] Xu Z D, Yang L Z, Xu C L. Pt@UiO-66 heterostructures
for highly selective detection of hydrogen peroxide
with an extended linear range [J]. Anal. Chem., 2015,
87: 3438-3444.

[63] YangL Z, XuC L, Ye WC, etal. An electrochemical
sensor for H,O, based on a new Co -metal -organic
framework modified electrode [J]. Sens. Actuators B,
2015, 215:489-496.

[64] Wang X, Lu X, Wu L, et al. 3D metal-organic framework
as highly efficient biosensing platform for ultrasensitive
and rapid detection of bisphenol A [J]. Biosens. Bio-
electron., 2014, 65:295-301.



42 =

f&

[65] Zhan W W, Kuang Q, Zhou J Z, et al. Semiconduc-
tor@metal —organic framework core -shell heterostruc-
tures: acase of ZnO@ZIF-8 nanorods with selective pho-
toelectrochemical response [J]. J. Am. Chem. Soc.,
2013, 135:1926-1933.

[66] Xu'Y, Yin X B, He X W, et al. Electrochemistry and elec-
trochemiluminescence from a redox -active metal -organ-
ic framework [J]. Biosens. Bioelectron., 2015, 68:197 -
203.

[57] Campbell M G, Sheberla D, Liu S F, et al. Cus(hex-
aiminotriphenylene),: an electrically conductive 2D met-
al-organic framework for chemiresistive sensing [J].
Angew. Chem. Int. Ed., 2015, 54: 4349-4352.

[58] Gassensmith J J, Kim J Y, Holcroft J M, et al. A metal-or-
ganic framework -based material for electrochemical
sensing of carbon dioxide [J]. J. Am. Chem. Soc., 2014,
136:8277-8282.

[59] Davydovskaya P, Pohle R, Tawil A, et al. Work function
based gas sensing with Cu-BTC metal -organic frame-
work for selective aldehyde detection [J]. Sens. Actua-
tors B, 2013, 187:142-146.

[60] Allendorf M D, Houk R J T, Andruszkiewicz L, et al.
Stress-induced chemical detection using flexible metal -
organic frameworks [J]. J. Am. Chem. Soc., 2008, 130:
14404-14405.

[61] Robinson A L, Stavila V, Zeitler T R, et al. Ultrasensitive
humidity detection using metal -organic framework -
coated microsensors [J]. Anal. Chem., 2012, 21:7043 -
7051.

[62] Chen E X, Yang H, Zhang J. Zeolitic imidazolate frame-
work as formaldehyde gas sensor [J]. Inorg. Chem.,
2014, 53: 5411-5413.

[63] Venkatasubramanian A, Lee J H, Stavila V, et al.
MOF@MEMS: design optimization for high sensitivity
chemical detection [J]. Sens. Actuators B, 2012, 168:
256-262.

[64] Yim C Y, Lee M, Kim W, et al. Adsorption and desorp-
tion characteristics of alcohol vapors on a nanoporous
ZIF -8 film investigated using silicon microcantilevers
[J]. Chem. Comm., 2015, 51: 6168-6171.

[65] Deep A, Bhardwaj S K, Paul A K, et al. Surface assembly
of nano -metal organic framework on amine functional-
ized indiumtin oxide substrate for impedimetric sensing
of parathion [J]. Biosens. Bioelectron., 2015, 65: 226 -
231.

[66] Biemmi E, Darga A, Stock N, et al. Direct growth of Cus
(BTC),(H:0);-xH,0 thin films on modified QCM-gold

I 35 %
electrodes—Water sorption isotherms [J]. Microp.

Mesop. Mater., 2008, 114: 380-386.

[67] Ameloot R, Stappers L, Fransaer J, et al. Patterned growth
of metal - organic framework coatings by electrochemical
synthesis [J]. Chem. Mater., 2009, 21 :2580-2582.

[68] Zybaylo O, Shekhah O, Wang H, et al. A novel method to
measure diffusion coefficients in porous metal —organic
frameworks [J]. Chem. Chem. Phys., 2010, 12: 8093 -
8098.

[69] Huang C Y, Song M, Gu Z Y, et al. Probing the adsorp-
tion characteristic of metal-organic framework MIL-101
for volatile organic compounds by quartz crystal mi-
crobalance [J]. Environ. Sci. Technol., 2011, 45: 4490~
4496.

[70] Khoshaman A H, Bahreyni B. Application of metal -or-
ganic framework crystals for sensing of volatile organic
gases [J]. Sensor. Actuators B, 2012, 162: 114-119.

[71] Venkatasubramanian A, Navaei M, Bagnall K R, et al.
Gas adsorption characteristics of metal —organic frame-
works via quartz crystal microbalance techniques [J]. J.
Phys. Chem. C, 2012, 116: 15313-15321.

[72] Liu B, Ma M Y, Zacher D, et al. Chemistry of SURMOFs:
layer -selective installation of functional groups and
post-synthetic covalent modification probed by fluores-
cence microscopy [J]. J. Am. Chem. Soc., 2011, 133:
1734-1737.

[73] Betard A, Wannapaiboon S, Fischer R A. Assessing the
adsorption selectivity of linker functionalized, moisture -
stable metal - organic framework thin films by means of
an environment -controlled quartz crystal microbalance
[J]. Chem. Commun., 2012, 48:10493-10495.

[74] Brutschy M, Schneider M W, Mastalerz M, et al. Porous
organic cage compounds as highly potent affinity materi-
als for sensing by quartz crystal microbalances [J]. Adv.
Mater., 2012, 24: 6049-6052.

[75] Liu B, Shekhah O, Arslan H K, et al. Enantiopure metal-
organic framework thin films: oriented SURMOF growth
and enantioselective adsorption[J]. Angew. Chem. Int.
Ed., 2012, 51: 807-810.

[76] Liu B, Tu M, Fischer R A. Metal-Organic framework thin
films: crystallite orientation dependent adsorption [J].
Angew. Chem. Int. Ed., 2013, 52:3486-3489.

[77] Shekhah O, Eddaoudi M. The liquid phase epitaxy
method for the construction of oriented ZIF-8 thin films
with controlled growth on functionalized surfaces [J].
Chem. Commun., 2013, 49: 10079-10081.

[78] Tsotsalas M, Hejcik P, Sumida K, et al. Impact of molec-



340 RS 45 - <52 J AT BIURE A LT A2 A i v g 1 1 43

ular clustering inside nanopores on desorption processes readout[J]. Anal. Chem., 2014, 86: 6948-6958.

[J]. J. Am. Chem. Soc., 2013, 135: 4608-4611. [81] Hou C, Bai Y L, Bao X, et al. A metal-organic framework
[79] Wannapaiboon S, Tu M, Fischer R A. Liquid phase het- constructed using a flexible tripodal ligand and tetranu-

eroepitaxial growth of moisture-tolerant MOF-5 isotype clear copper cluster for sensing small molecules [J].

thin films and assessment of the sorption properties by Dalton Trans., 2015 ,44: 7770-7773.

quartz crystal microbalance [J]. Adv. Funct. Mater., [82] Kang Q, Zhu X L, Ma X L, et al. Response of an elec-

2014, 24: 2696 - 2705. trodeless quartz crystal microbalance in gaseous
[80] Davydovskaya P, Ranft A, Lotsch B V, et al. Analyte de- phase and monitoring adsorption of iodine vapor on

tection with cu-btc metal -organic framework thin films zeolitic-imidazolate framework-8 film [J]. Sens. Actu-

by means of mass -sensitive and work -function -based ators B, 2015, 220 : 472-480.

Q/\‘b&)&yb&y\>>>>&>\>>>>D7\>>>>D7&>bhbbhbhbhhbhbbhbbhbbhbbﬂ

(e =) RSN A A

JUrIAS R EcRR 1 , VR B R 238 SCHY SRR A AT AR B R 45
FEARA  BPRA A ERA SRR e L2 AT AR T E AR [~ AR )
2 HH WU T 05 800 B A AR b IR0 ) e SO 12 | A
JOIT) (10 ) K R o3 o LRI T s FH ARG 15 () i e PR AR5 0 44
2% AR HEE B 55 o R iF—Z2 T AT 2 VR AR I G 15 BRI i O
BRSO 45 R 25 25 b ek FH D7 sCE AR T 2%

64‘&)\»&)0707\»0707\»&)0707\»0707\»&)07
MQQQQQQQQQQQQQQQQQ



%35 B4 3
201549 H

b 7 R g
CHEMICAL  SENSORS

Vol. 35, No. 3
Sept.2015

ETHRK-RNKENRERNEREERSFHHAR

RFHE, LRRE
(RIISEERAZA T2, WIIRKT 641112)

# OE: AR S SR -RYIKE (MWCNTS) & A4 5 i AR ) A5 4 v 2R U8 17 b Jt A8 S L i
(CEAVRIEABIRAS . B e A5 1 B - B 9K 8 S5 W I M 46 VUM SR T BB, TR P WA e vh 2
W2 FEE K 4, 08 3 e e R B A P 2 B R (anti-CEA) o 52301 i v 5% FHAG B 2 o) B AR 46 Aot
Ko i PEREEFTFRAE , &5, Hl5 10 Gy A& B XA MBI R R A A ER i 1y, L4 7l Ry 0.1~80.0
ng/mL, ¥ 4 TRk 0.03 ng/mL,

KW PR IR, 90KE; BRAUKE; PR

Study on construction of An immunosensor for carcinoembryonic
based on carbon nanotube-gelatin composite

Zhu Yu-ping’, Feng Xiao-ging
(College of Chemistry and Chemical Engineering, Neijiang Normal
University, Neijiang 641112, China)

Abstract: A highly sensitive amperometric immunosensor for the determination of carcinoembryonic antigen (CEA)
was construted with the comprised of gelatin, muti-wall carbon nanotubes (MWCNTS). At first , place the prepared
gelatin—carbon nanotube composites on the gold electrode surface. Then, absorb the nano-Au by the numerous
amino of gelatin and anti —-CEA by electrostatic adsorption on its surface successively . In the experiment,the
perparing process of the immunosensor was characterized by the cyclic voltammetrys. The results show that the
immunosensor present highly sensitivity, with a linear range of 0.1~80.0 ng/mL and a detection limit of 0.03 ng/mL.

Key words: immunosensor; CEA; nano-Au; MWCNTSs; gelatin
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Fig.1 Schematic diagram of the stepwise immunosensor construction process
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Chiral recognition of propranolol based on Pt doped L-valine
polymer

Chen Cui, LiYang, Fu Ying-zi"
(School of Chemistry and Chemical Engineering, Southwest University, Chongging 400715, China)

Abstract: In this work, chloroplatinic acid and L-valine (L-val) were mixed by a certain percentage, and then the
L-val platinum-doped polymeric films were synthesized on the glassy carbon electrode (GCE) surface with “one-
step” strategy, building a simple chiral sensing nanoplatform, and used to electrochemical identify of propranolol
enantiomers (R- or S-PRO) successfully. Differential pulse voltammetry (DPV) technique was used to study the
effect between this chiral interface and propranolol enantiomers, which propranolol was treated as redox probes. In
addition, the recognition was considerably affected by the interface. The results showed that this chiral interface has
a stronger interact with R -PRO, and it was efficacious to achieve the selective recognition of propranolol

enantiomers.

Key words: chiral interface; propranolol; electrochemical; chiral recognition
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Rapid potentiometric determination of ammonia (ammonium) in
brine based on ammonia electrode

Chen Jing-ping?, Dai Xin®, Xu Wei-hua? Gong Wei? Zhang Wei-zhi?, Wang Cheng-yin*
(1. College of chemistry and chemical Engineering, Yangzhou University, Yangzhou 225002, China)
(2. Bureau of brine extraction and transportation, Jiangsu oilfield branch company, Sinopec, Yangzhou 225009,
China)

Abstract: An ammonia electrode was used to construct a kind of rapid analysis method for Determination of
ammonia/ammonium content in brine in order to control the quality of purified brine. Some effects on the testing in
brine by using the electrode were investigated, including testing temperature, time, pH value, interfering matters,
organic amines, and precision. The experimental results revealed the proposed analysis method had simple and
rapid, sensitive, precise and accurate advantages.

Key words: brine; ammonia electrode; ammonia; ammonium
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(CIN ST W ol | DR 1 gE =0 ] S
1 SCIEERSy

1.1 5k

EL-104 A1 K1 (M RE ) - B4 240 -
WA BRAT], ), PHS-25 RIFR BEH (VLIRIT5
LTS AR AT BN ], 280 ), 85-1 Fls J1 fig Hhas
(P B RAN A A PR AR B L), 501 720
W (TLIRVLA HL AT AER A BRA A 280, B0
TR AR (ISR, B,

Ak, FAL, A AL, B , YR SR
B ETR A (B R T E 25 A2 R
"l,AR.); WAEBREA( EIHAFI =) AR, 2
(B3R =), CP.) s K B il s K (VLA i
R SR p A BRA T 2w L VRS 297 g/L)
12 SHERNEE

Fi A = T KA UL e A, I S5
D RGBS, R R E SR B
e 1) 50 mL 2B FK I A —TR AN SR
AN, 45 2 P AR 805 T - 50 mV, Ui %
AL RATF SRIER AR S Ve B2 (L . %
A LB T IK Y 50 mL BEAR ECTE R 1 Bl 2
b AR AR R TR (R RS &
B KRR A, W VeI ] T e LB
K)o MEEAE 12 ~ 22 mV B, ATk FLAR ki
FER
1.3 mKFESEMNE

KM 297 g/L 18 NaCl ¥ A R B4 i

HEY
1.00
ONH,’
0.75f
0.50F
«
0.25F
ONH,
0.00

pH

IR, FHHEC I NHLCI ARSI RAE R ik
W, WERARS U i ZK ¥ 20.00 mL T/ NBedf
OB E AR AR T I PR R IR AR
DRI, R IR BEMCIE , e i 4, T A 2~3 7%
1.0 mol/L NaOH ¥ , 5 M 1 9 FL (S L, % ] —
FERR IR R /DTN =K, BOFIME.,

2 wR5UE

21 SEIFEMHIMK
211 pHAL##m

pH (B2 Z A AR A T — D R E R
TERRBB- AR R, R IAETE Z R RBRZE 47, 3%
LB SR VR R BETS WD HY R EE A2 AT AR A
VAE TR SRS T B 2 1)~ A i o HE SR Y O3
B, o Ao R, DL 6 R . NH (NH; B3

Ko H .
Onm: = Ka+H[H+] Onn, = Kaf[qu

K. R e s8R SIREA Q) , 2B T ff
BN K=5.5x107", b A Unr DI B
i NH, NH; B9 A th (A&l 1a ), SE56R H
T ELR BT B AR, O AR A
AR, A ANTR) pH E T B R, 75 3 < K
75 (297 g/L NaCl ) NH; 7 5B pH {H 19221k
KEMNE 1b), FEEREER K KH NH, NH; (4
A3 AT IR 5 Sl KR R AR L, HL A 0 AR T R i —
B, SKEEWA BRI, 24 pH (BT 11 B, kK
A B (5) FEELL NH, IIIERTETE, |5 99%

()

|
N
'
[<]
T

pH

B 1 (a) A pH KR NH; A NH 9 340t (BRISTTRD) |, (0) A pH /KB IER 5 KA 2k
T 1.0x107 mol/L NH," & B o7 1 7
Fig.1 (a) Theoretical distribution curves of NH; and NH," in agueous solution, (b) Potential responses of 1.0x107
mol/L NH," in aqueous solution and in brine with different pH values
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DL b R, AR i K R () I 2 pH
ERNZATF 11,
2.1.2 MKEE

MR T pH B AR N 57N AR,
BUREE LR G T, 6 7 AR 1 F 7 (DK Bl 2 AR
1k, WRAEREH TR X TR A 1 CRYIREAS
b KB R 0.1984 mV ABAk S H AR 4 fi
IR 5~45 °C, S8 PR IR K VA4 1 S BE )
TR A FH S A ARSI AS [RRLEE T i KA 1)
1.0x10° mol/L NH,Cl bR A L AE, H 1
AHL IR T 2 °C, AL 2 0~1 mV
FARAE . PRI TR AR AL Sl l s (A AR A, BT
DATE( A F A S, B PR A B IR AR

F£1 [ANEF, AREET 1.0x10° mol/L
NH,Cl B < 7K & & R B AL {E
Tab.1 Potential values of the ammonia
electrode for 1.0x10"* mol/L solution under
different temperatures

IREEIC 22 24 26 28
HAI/mV =120 -120 -121 -121
2.1.3 @ BTG

i FH 2 A A % %€ 1.0x1072,1.0x103,1.0x10
mol/L = ZH A7) e 55 S T e R0 D i Sz B[] X6 g
N LA ISR, 2 FTET S AR T
SR T e A A o7 R T] 3R PR B 2

R 2 AERESRE R RE B 18 X+ A R FE S B =2 Ml

Tab.2 Effect of testing time on response potential for different concentration solutions

DEmFEL AR ¢ CERDAT) BRI EE ¢ CERDAT) BRI EE ¢ CERDAT)
(s) (mol/L) V) (mol/L) V) (mol/L) V)
30 -135 -76 -48
60 -150 -95 -63
120 1.0x10° -7 1.0x10° - 1.0x10* ~80
180 -169 -118 -82
240 -170 -120 -85
300 -170 -120 -85

B BT A0 Al N A S IR R A R AL
BB M) 2 (]2 o R b 2O B Ty
MR, R, 76 SC PR e ZEAR A
e SR e 7 ) 2 S 5 ) ;s (] SR 2~5
min BA] .
22 BRMERTFEER
221 WA FRAFSEERKS

FEZ AR AR v, ARSI e WA T e
8 R BENGB N, A 70 A AR ek /D 5 s il
Bt Sk B R AR AR A (il b P g
TR, SR RS R R AR, ARTE
o I iR, B0 R S G v g
Yy, I HI S o R A R A =S ] el
SR ERE L LG 2 Bl R B BB R
) TR R AR, 325 i FEL AR e 7 i () 28 18 5 i )
FEEE o PR AR S o feft P 3 A b G SR 30 R e )3
f (] AR08 I 45 SR RS B O R, S
o A S T VR R AR R A5 TE Y, 5 W 7 kb e
0 R RV 45 PR B () S P AR AR BC A ) o

222 WA EIEERE

FH 22 A2 43 531000 5 13 7K A JB R 6.0 x 107
1.0x10,1.0x 107 mol/L A& f A e it i 1A
BRI AR B =k, BCFEME, 40d
J& , P TRl — 32 S H A P GRS , 0 2 495 SR an
% 3, JHF—SZ & B TE 1.0x10 mol/L A5k i
VS A N, A I =, O, AT
B FLUR, REUCI B B] (B B 24 SR AN /B,
RN 4, 3R 3.4 1A IR — S R AR TR
—A~Z2 R[] — 2R 50 e ) S A v i, ok
PR LA AT EL , o] DU 2 r A A e
T b R4 R AR AE S AT E 5 U LA i
ASARARIN, AR PR AT, DRI i F A P LA
AT RKH R (8 &= iR, HEA R E
UM R P
23 FHYRAFMm
231 &B/BHTHTH

WHEELT, WRTE TR EEE
F, 4N Ca?* Mg? Na*.Cl- K* %5 Joik g & il
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Tab.3 Testing result comparison of the ammonia electrode in brine at different times

FAEHR B (mol/L) 6.0x10° 1.0x10° 1.0x10?
BRI EZER (mV) -74 -118 -169
40 d JEELS S (mV) -76 -120 -167

x4 mANRPERBERXE—XFEEENEL R (1.0x10* mol/L FSLRAER)

Tab.4 Repetitive testing results of ammonia electrode in brine

TR 1 2 3 . 5
FA{HE (MV) -88 -88 -87 -88 -88

AU, DI AR E B e, (HU &R IR il T ZA R AL 221 (% 5) . MK 5
SWZEEE TR EY i B B Rk PRTLIE L EDTA JRER AHIRIR AR (K
PR T, nTRE S EON e, (HR PRI SR & AR ICR N | (HUR S 2 B AN A W
B pH KT 11 )5, DIAE SR TR W, N QMR TR A U, i 2 id i3

HIIE ISR D LTE AN E U, R NI pH B, AT LV
232 R e Tk AR, AR A EE R TR ] REAT AE A B

JERK R ATRES A ARG . IR SRR SR AR, SR AYIE TR RS
WAHIRIR , EHiKBR R rh i AR BRI LN | ZA R RERSE , P Mo
B, SR AR BRI —E R e IR IO

RS MARBETHHFREEBERABAIE (1.0x10* mol/L KIKLIZHFK)

Tab.5 Corresponding potential values after interferents were added into, respectively

T4 Tk o 0 (V) T e Bl (V)
(mol/L) (mol/L)
EDTA 88 87
i -333 -333
IRF 0.010 8 0.030 87
TR Eh 88 88
P AEFREH 88 88
AR 88 87
2.4 FIKFRRESEIREML 50
[ 2 SR A [ e B 1R G A At i i it 22 L I FL
PRI R IR, ML R EE 7E 1.0x10° ook
~ 1.0x10" mol/L i, & IR L S B s TRy
GBI RN R A s Tk S|
A9 Rk . E(mV) =41.69 log ¢ (mol/L) -249.8,r=
0.997, He TR IR B 1.0x 10 moliL, ol
K FPRAENIN GRS | SRAFIZ FEARAE T KA o R X
Bl TR R [Ny 97.19% ~ 105.3%., 1 P EE ; 5
25 SKBREERANIE -loge
SERRE NSk E T A A T A T Bl 2 7K A o g e A B A 1 5 e B £ X T
VIR S 1 BB LR K 2B R il

) e JE . Fig.2 Standard curve of the ammonia electrode for
B IR B A A I b 7K P () B9 SR L determination of ammonia in brine
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R 6(HE 7 YL ACRIFIIE) . A ARBRIERS
AR A B SRR A R A AR X 2 i 22 1.3%

1.2%, 1.0%, HEaHR IR CREEHEA TN

XL, SR 5 Z R, UV IR Bk

$6  SERREH SRR E (%) IR ER(n=7)

Tab.6 Testing results of ammonia content in the real samples

HeFERES 1 HePERES 2 HPERER 3
SHL R (mg/L) 1.70 2.37 2.29
NG (mg/L) 1.71 2.16 1.94
AT AR TR S bl K HPa (B ) B TA[S).

3 &Hig

AT N R A AR Tk BESE T
e YL KK PR () RO E S I R, SR gl
R WY AR o TR L i KBRS T T AR
EHAPR () &, A A A TR K
KA TR (B ) B PRI, A5 AR 7 TR 4R
ZSK

S 3k
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(RIIRSEERA L T2, MIKT 641112)

OE: E el AL (SIO,) -5E FRME (chitosan, Cs) K S 54 o W HABM7ED Gl il R 180, A1 A K
Si0, 155 122 T EFN 22 FL45 M W B 7S/ PR 25 (Thi), 383 Thi o A9 ZBEM B 4K 43 (nano—-Au) , M T [ 2%
H IR EE AP @anti-AFP), I FH 4 I3 11 3 11 (BSA)E] P 45 S M M R 57, Bl A5 — s 8 1) R G 2 1
PEAGIRER . RS AT K e AL AR AR SIS . 0.01~1.0 ng/mL 1 5~200 ng/mL P4 2 3 R dr£k it
KZR KT RRR 0.003 ng/imL, 4553, % e (L AR RUE &, Hil & Tk 5 .

KR IRy, WD, 45 brE; 2R 9kEEY

An immunosensor based on silica - chitosan nano composites

Zhu Yu-ping", Xu Qiong
(College of Chemistry and Chemical Engineering, Neijiang Normal University , Neijiang 641112, China)

Abstract: First, the preparation of silica -chitosan nano composites. Then modify the surface of glassy carbon
electrode, using nano silicon dioxide high porous structure and surface energy of adsorption electronic media body
thionine. Through thionine amino adsorption of nanometer gold, which immobilized AFP antibody , using bovine
serum albumin closed nonspecific adsorption sites, successfully obtained a new kind of AFP immune sensor. Under
the optimal experimental conditions, the immune sensor detection range in 0.01 ~ 1.0 ng/mL and 5~200 ng/mL show
good linear relations, detecting limit was 0.003 ng/mL. Results show that the sensor sensitivity, simple preparation

method.

Key words: immunosensor; AFP; SiO,; chitosan; nano composite
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WeRft,  $E AR R AUE R
(Chitosan;Cs) sz F 72 % (Chitin) Jlil 25 He b — & 43
CEFE S =, HAT R S U 3 e IR
PERIB L ME R —Fl K47 A0 A LT A5 2
WFFE ) 1z N T A JE AR AUR I LA
FMEALE BEREMEE A WA AR B 5 )
SRR T W TS 2 B A oY . 9K 4
S ML A B JE ROK B R, S S A Aok
Si0,, I B 5 Cs Hl& MK E &Y., FIHE
WiFEPRK (GCE ) LM R 1fT . R)5 FIFHAAK SiO, =
F I RE A AL, DL I & s 5 S
INE, W2 B R T B 44 Thil®!, Thi aii A XUERE AT, 4y
1 FEL, TR AT B EEL A 4 A 4 R, DT R FY

A PUAE I (anti-AFP) i1 4507 454
fApf , e, il i G A 1 e AR Aty R
T vy, MR

1 SEIgERSy

1.1 5

CHI660C HLfb2: T ARG (L RAALER A
w] ),BRANSONIC200 #i 7 i ¥k 1Y (&
BRANSONUL -TRASCHALL 72 & ) ,FA2004A i,
TRV (LR KRBT A RA R, TL-5.0W
£ B ORI DU T FTA PR A o

K (T35 25%) , Te/K OB IERER 2
fis (TEOS) , S &R (DL X4 A B A B2 D ),
FrGER =40 ORERRH AL TR ) , iR — 08N,
B S A, AER B (B B GRS A
B ED) , DL G A inui i, ¥k 2t 725
B, F NG EE 2GR & CRRM R A= D HAR e fy
FHIRAHD) A M A A BSA), KETK,

- '*-"; _
i [al 4
GCE
a9 —t
e
r_.r"'i o @ .a %
=] 3 a -J’ a AFP anfibody
8% 5 )

-\'.\_\__L

e B i B
’*& ";ﬁ BSA
i L - [=]

HMQ:I"D\” .-"" -—A _:_R\

12 MAREMHE

4 0.0300 g A 4R T 100 mL £ & /K
MRS B TN 1% (W) AT R BN
W2 mL(SEiEn 6 i, 4k, Wh I 2 min J5 4kSET
TR ATRWG ) o RS0 E 15 min 5, 52 1R, 4k
ESEIEE SNt B G 1| B CANGERAL P S ety
1.3 kS ENFHIE

Bt 12 mL ARFR BN 25% A4 & 7K AT 100 mL
TR BRRA AE 35 C, 5 4444, L4 0.4 mL/min
A3 2T A 6 mL TEOS, Ji% il 5¢ J5 F#E 7 5 min
RIFR AR 4 — Ak A RGO T

Lk 10000 r/min #£47 = HES.Cy 10 min, {545 1
B, HEE KRG ET T, e HEE T
IKELS BRITF R IR DR
14 “EHE-ERENRESYHIGIE

¥ 0.0100 g Cs i T 5 mL B&fR H, FiIRPiTE
Y, 1 NaOH RSy pH 78 4.0~5.0, ¥
il 5 4 4K SiO, W 5 mL, AP $i4): 8
h, 1% Si0,-Cs 4k B &4 .
15 GEfEREHETRE

Pk E A% (GCE,®=4 mm) £ 0.3 um,0.05
pm (1) ALO, Wil J5 FHZE IR /K vk 11, FRR
HEB K, ToK OB, 2 B F7K 53 3l 7 5 min
JE U # R BT ]S 4 Si0,-Cs 4)
KE AW 10 wl, PG ORE 25 i 7 AL BRI 1)
HERTH . iR T BT, iz e i 3R
TN 10 b Thi, 2 F BT, F Rk s g m
TR 20 wL nano-Au A, =i P+, &5 %
HAZUITE anti-AFP 7 6 h JHUHS , FH BSA
P41 30 min, &2 fm 25 8 F /K VEUR BT, 7E 4 C4%
AR, B A AR N 1,

9
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k] lel
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3 i >

K1 Sepeflidan il & id 12

Fig.l Immune sensor preparation process
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16 7% oo FR

AR 425 (Cyclic Voltammetry, CV) % 4 oal IR /f ,
PEAGIR AR R BRI T . TAERA =t ol .
R, HOP SO TR, RS - S R—
AL, RO AR, SR 0lmol 3 °f AT
(pHB.0)BFRZE I ( PBS) MMl 7604 § O /7 f
V ~ 0.2V LIS FI L , R EE S 50 mVs. Y A
R, H 25 C, -osf N

-0.8

2 THWERSWE T R
21 BRERREHRNBLERE potentiallv

FIFH B Ak 22 T AE 35 (CHI660C) H CV 4 A X
HLRAEAS A A EA T RAE, DR 2, (81 2 vh
<k a MER(GCE)HM , M TR ATl
ISR ICH IS PR T, DU B A B A R
W2l gk b M HR R B T Si0-Cs 44 KK
E W) CV E ,Si0,-Cs YK E SR FHT1%
B, Rt A SRR R, R ¢ MBI
T Thi ZJE/) CV B, MEB R UL,
FE-0.2 V~-0.1V JE [ P4 H 3T — X o AT 11 4
AR 0 | IR SRy Thi FRAEIET KR Thi j&—Fh
RAFAH I, RIS B Thi ah g ihre
AR ZEmE ., e d MBI T nano-Au ZJ5H) CV
P p AT O, A T s rie 37 {1 BH o 4 i
ST nano-Au REFEIEHET-1E 4, A5 i 7 1

K2 et Ak ) o R R IR ERR 42 15
Fig.2 Cyclic voltammograms of the immunoelectrode
preparation paocess
(2)GCE;(b)SiO,~-Cs/GCE;(c)Thi/SiO,~Cs/GCE;(d)nano-Au/
Thi/SiO,~Cs/GCE;(e)anti-AFP/nano-Au/Thi/SiO,-Cs/GCE;
(BSA/anti-AFP/nano-Au/Thi/SiO,-Cs/GCE;(g)AFP/BSA/
anti-AFP/nano-Au/Thi/SiO,-Cs/GCE

BRI 2k e f.g 23 5o IR D anti-AFP BSA,
EFF 20 ng/mL AFP 2 J5 i CV &, AT LAF th 4L
0 Ji WA 28 BT/ 3X 2 BT anti-AFP BSA
AFP H14 8 F UK 4> T, S BEAS FL & 5, i A5
DA PR AR T BT

3 AL AE 0.1 mol/L (pH=6.0)11
PBS rf, 934434k 50,100,150 ,200 250,300,
350,400 mV/s( NN IS T CV B, B I,

6
4 _.:.j" . Tq‘::'::\__—---_._
oL J i
< =
E 0
:’; B
2 -2F 4:_ —
i L & *=0.9996
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_4F 3 or
E o
g .
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6 -—
" -8 1 1 1 1 1 1 i 1 L
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K3 e AR [ T AYPEERMA 22 5]
Fig.3 Cyclic voltammograms of the immunoelectrode at different scan rate
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0.9996 F1 0.9991 , 15 HH Fi A S T Jist 37 2% 1T W FfS pH {E ~HEHi CV, mERIS, BE&E pH &8y
A RZ R K, A S L A /N . I HL pH {E ik
22 EWFHHRAL 5] 6 LIS, B TR, R, L0 B 5
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Fig.4 Cyclic voltammograms of the immunoelectrode in different pH

KRR
6.0,

Ma A= 40035HE A, IR, SER P pH

B il 2 i A i LR 20 ng/mL AFP 3R
WP R, IR E R E IR 5 1.3.5.7,

222 MEH BRI egikE 10,1215 20 min CV K&, &l 5 46 & BRI M 57 B AR
G ] N 32 W B BRI 520 ESEEG W a5 BTG PR 22 1], 7T B R Y 3
3.2p . 4
2r ;_:__—_ :J
3 0 _‘_H,-ﬁ*"'a ;f“r '
2.8F g T 7
\ ) o A
<i ) —4AF ;f
2 24F o _pl—t 1 L L L
g .~ -02 -01 00 01 02
3 ™. potential/V
2.0F e
.‘._
g
1.6F
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K5 G GRS E A& B T CV

Fig.5 Cyclic voltammograms of the immunoelectrode in different incubation time
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223 MEFIBELE
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