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A New Calcium Electrode Based on the Composite Thio—
acetamide/attapulgite as Ionophore

Li, Wenzhuo* Huang, Fanglun Wang, Jianlong
(Department of Chemistry and Material Science, Nanjing Forestry University, Nanjing 210037)

Abstract A kind of novel organic/inorganic composites as ionophore in the membrane of calcium ion selective electrode,
which were made of thioacetamide and attapulgite, had been prepared. Thioacetamide is a type of small organic molecule
with functional groups including amino groups and carbon-sulfur double bonds. Attapulgite has been characterized by a high
negative charge at its surface, a large specific surface area, and a large micropore volume due to the existence of intercrystal-
line cavities. Thioacetamide molecules can carry positive charges when their amino groups get protons from hydroxyl groups
of attapulgite. So thioacetamide molecules with positive charges can be adsorbed on the negative surface of attapulgite by
electrostatic interaction as well as hydrogen-bonding, to form a super-molecular host-guest structure. Considering the stagger
arranged pores on the outer surface of attapulgite, we inferred that adsorbed thioacetamide molecules should be around the
edge of pore mouth of the attapulgite. Experiments proved that the organic/inorganic complex structure promoted the ability
of attapulgite adsorbing more calcium ions from the solution. Based on the attapulgite/thioacetamide composite as ionophore,
the calcium ion selective electrodes were prepared using 7.0 wt% of ionophore, 43.0 wt% of polyvinyl chloride, and 50.0
wt% of dibutyl phthalate. The influence of the weight amount ratio of attapulgite to thioacetamide in the organic/inorganic
composite on the calcium electrode performance had been investigated in our experiment. The experimental results showed
that the prepared calcium electrode had a proximate Nernst response in the concentration range of 1.0X 10 '~1.0X 10"
molsL™'. When the marr - mraa Was 0.315 in the ionophore, the prepared electrode showed a Nernstian slope of 15.2
mVedecade ' and a detection limit as 1.0 X 10~® molsL~". Moreover, the usable pH range of the prepared electrode was from
6.0 to 10.0, and the electrode also exhibited a favorable stability with time. IR, UV and conductivity experiments etc. have
been used to research the structure of the composite made of attapulgite and thioacetamide, and the working mechanism of
the prepared electrode.
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B Horh, PVC G IR IR i G4E B SRR AR
B N PVC skl g n PVC A B i
PEVIISR AN e, 0 S 70 B R — R AR
TR TR AR IR R o I SRR IR R RS
TR A T A S PR B R B (A% 0, T A
T I HL TSR TR W S P A B IR, YRR R
B AE 2 BT D RERR A B G PR B AN ], A e AR PR
A7 T 2 37, AR IE 6 LR H i YE T, W Dibenzo-
18-crown-6'*1, (—)-(R,R)-N,N"-bis-[11-(ethoxycarbonyl)-
undecyl]-N,N'-4,5-tetramethyl-3,6-dioxaoctane-Diamide
(ETH 1001)"), 38 FLaH A5 15 HAT L IR s AR 45
P WAL B P RE S B U MU SR R 045 2 7, 1
HLRR R . AE X SR AEAT WAL S P L is ) o 1)
TEHME AR, G RUNA R, B SEbr 2 2] T
B 1.

AV BT — Bl BRI A HLUEHL
RERIETE o, RGE A i A e S A
i 16 A WL FRRAR SR (TAAY R BT 3=
MY AT (ATT)N IR MR 5250 45 S ATT FLA5
e, BATHT AN N T TAA WIHAE ATT fLiE
SIS, TERC—F e fLE XL A% 24 TAA 731
FRL SR~ 7R G R AT AL L 5 4. AR5, kAT
PUIXF TAA/ATT B5Y 4 IS TE B PVC. B985
SLIR )4 T PSRBT . (1) 4% 25 1 B PR B P b, FRAT
WR T G Th ATT F1 TAA F & Lb 388 98 75 F
VIR pH AR FRUARZ Wi N B 14 52 0 B HL R B B ] PR A S
PE. HIRIRIERRIESE. JEIRATITAN, WRAP LN &
PR 18 13 B H R 0 A A e SR R

2 #REHE
21 EEMEYIRX AR B AR S0

J T WS TAA/ATT GG PEY) BT WO ARSI 40 25 7
WP TR MIVER, BATTBTE T AN H) 1 s AR SR A I 5
TP B X LR AR AR (DD REIEAL & TAA |
HLB, (2) D BEMRAN 5 ATT L, (3) 4 M F TAARIATT
ANFE TR e (marr © moa) A PUTEHLR S o5E . X
6 /N HUB ) e B 45 S 1, B AR o V)
TP N A A B8 TR B TR, EL IR 2N i
AR Py k. Tt Pl 1 e e AR A )8 i 2 T DL
W, CHIERTEThREB AU ATT I, BB LT3 5
BB N RE s IR B TAA B, HRA
—SEMINBE S, WNARLEN 4.3 mVedecade . 4L TE
VI marr & moaa=1.25, AN AE 42, HplE
I D RE M AT U™ A () FE AR N A8 2. Y SR
JEH marr © mraa=0.625, FELFR IR A8 )58 TR0 I $E 2
= AR, TRV marr @ mraa=0.417 B,
Wi 2%k 14.8 mVedecade !, Kl FFR A 1.0X107¢
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B4 1.0X 10 ° moleL ™", MiRHF[a] 4y 80s. AR, JHwilL
FEL W 14D e S b o3RRS PR A L Ase el BAT Tl i T
HVEEYIT marr @ mraa=0.25 X5V 1 HL BN £ B
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Kl R PR(1.0X 10°° molsL™")5 marr : mraa=0.315 %}
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Figure 1 Response for CaCl, solution of calcium ion-selective mem-
brane electrode

Tonophores in membrane electrode are (a) TAA, (b) ATT, and TAA/ATT
composites where the ratio of marr - mraa in membrane is (c) 1.25, (d) 0.625,
(e) 0.417, and (f) 0.315, respectively

2.2 pH X B ARG S B9 520

L 1.0 moleL ™" Yy SRR A NaOH ¥ W23 7 1.0X
1072 F1 1.0X10™* molsL™" ffJ CaCl, ¥ ¥iff) pH M 1.0~
14.0 254k, SRIGFEERMITT pH KB 4% (1 38 B s
Wt A, 25 LH AR AT pH FERI(E] 2), Wl
AL LI pH DX IR g F B I L TR pH

M 2 AT, 7F pH=6.0~10.0 45 B TV
W L FA(E) AR 2 . AR R 1 (pH <6.0)¥ W,
B P AT i, T AR B o (pH > 10.0) (3 P, HL b
HLBAPRRARG, 5 AR IR b AR L PR 20 S TR 2t pHL 9/ 6.0
i, FEWRHIETED RS AR ATT K base Birg
BH g, L REIR A OHT IE FRAT HY, SR IR
HL TG PR TR 1A RN BT Y S R 16 YR, IRl HY
WREESE I, A A BTE MR pH MK
10.0 I, 52690 AL o vl M40 T (A B AR £ B e 1 7K A 1k
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Figure 2 Effect of pH of solution on the electrode response
Concentration of Ca*'solution, (a) 1.0X 10 * molsL ', (b) 1.0X 10 > mol-L "

2.3 RIS ARt AR S0

AR2K R T TR (DBP) G ¥ F S K 4 12 LIS
FA AP, AT AR L PVC /), D bt 5 48 5 7]
I, PVC K5I IAVE I JI980/0S, 1A 22 IR 5 AR,
BN T m o TREBLRESIE. T4, BEYEF DBP e
AL 27, HA R RELL PVC K, Mtk
DBP FHR 0, HANAR A i b ok, e
S, PVC LA 45 DBP Al TAA/ATT HUOE )5,
JIT CARAN 5 2 2% 18 v v Pk ) o 5 4 ) ) PR AH AR
F R PR RE S, ARG L DBP 35, 7E (R
FF R PEY S AR MG BL R, 43 ] A% D) R 5
400, 800, 1200 mg DBP [FJHIMK, T2 i 15 AN ]k
JE (A B T pH=6.8, 2R Ji a8 e A X 495 25 1 (1)
mi Ak EROL B 3 s, DL DBP I = 1
FOL R 1) 12 R ) BEAARARL, IX R I I DBP 349 5
N, 180 18 2 55 ) AN R ) 8 o e AR P e R, BT
PALA T 548 DBP ARG F &, 75 LUG S8 56 o B
IAFIIF L4 400 mg DBP.
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Figure 3 Effect of the amount of plasticizer on the electrode response
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Figure 4 Response potential of the calcium electrode with measuring
time

Concentrations of CaCl, in the measured solutions are (a) 1.0X 10>, (b) 1.0X
102 and (c) 1.0X 10 " molsL ', respectively
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Table 1 Selectivity coefficient (|g Ky ) of electrode while interfer-
ence cation (j"*) exists, and standard enthalpy (AH® ) of formation

120587
of corresponding cation-sulfides

Ton (") 18K AH | ) (kJemol ™)
AP* 0.912 —173
Fe** 0.915 —176
Sn** —0.084 —24
NH/ —3.39 —55.4
K" —3.41 —91
Mg** —0.136 —82.7
Zn** —0.178 —46.04
Sr** —0.025 —112.9
Na* —3.51 —87.2
Lit —3.49 —

26 EEFIEFMEBERNEHAR

O AR LA NG & B AA () PVC i
e b T 4 TG = 4 B 88 A I e i i s A2,
MBS LB« C=S 7 L4 B P AT B R N3 &
B, BT LABRAR 2 WA T LASEE 55 15 90 P 6% 85 T A T AR
FI. I, B 2B b v () th Al % S5 1 1 e
i SRS A OB R AT LR, AR
TR e R B T T b A 6T 5 5 A - 2 T 1 A
PRGER AR IO, [ AR - T A A LI
SERUA, b 4 BRI, e B T T A 2 T A
ZE 5y T A AL B AT B R IR - R T A 43 A, T
DU 4 B4 2 16 e 437 W VR B 80 17 s 7L 1 3 %
Kb, BRAR 2T I 4 T4 4 A 3 ALK B 1 L 1
FEl, F€ 5 o L A W B TR RAR 2 Wi 4 7 il
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= H,C—C s
I s |
H,C—C | NHj C—CH,
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Figure 5 Scheme of thioacetamide molecules being adsorbed around
single pore mouth of attapulgite, and stagger arrangement of pores of
attapulgite
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RIS 2677 cm ' T, C=S XUE4FAE R IEAE
1300 cm ™' BT, ZFEME dIRSIRIIELE 716 cm '
T, TXLE TAA FIRFIER IS AR BELE TAA/ATT % V(1)
WAL X I T I, U] TAA Tl ¥ v AU 558 2 1
FIWEAE ATT K0, RSB R &R AW, KM
BTRra, U1 B A e S AR X TR RS, AR & B AE
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W L BLAE 270, 243, 210 nm, XGRS Z B
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Figure 6 IR spectra of ionophores (a) TAA, (b) ATT, and (c)
TAA/ATT

H T UEWREINE TR G ) TAA/ATT E-596E
SRCHI R PR A B, BRATTRETE T A e B
0.01 moleL™" Ca*' (1 CaCl, Bl W (R SFEN 6.39
mSecm 1), IG5 A, B Al C =E540, 1 A BRI
600 mg i A8 L WEHZ, 0.5 h 5 MTFH W A FITHL- S35 6.39
mSecm ' [f] B BN ZIAL 5 1) 250 mg M7 4 44, 0.5
h G A B I HL %00 6.03 mSeem ™ '; [ C ¥
IO H 250 mg [ #: 47 F1 600 mg A8 2 ke 52 & 45 51
] TAA/ATT HLEEPEYIR, 0.5 h P4l Ja I C 11 i3
# 572 mSeem . bf FIRSEG L RAHT LR TR
CREAT WL 7 HERE T K AN RE R B P 45 2 1,
BT LA A 00 S R 5 0 B VAR L 45 A A
MR S BRI L R L T B e
N, UL 0 B T DT AR, 2B
VR R 25 IR T A, BT AV L R A T R
TN TAA/ATT AWK C 3R I BT
R BRRG, SR RS S5 TAA/ATT R
AL ATT B9 A4S & 1 ae s, B &Y m
TAA {23E T ATT 445 251 (1B
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TIHPEATIEHR D& L&A TAA/ATT 18581
TE PR R ) HCA A ) BT R P e, SRS 23 iR A (a)
1.0X 107> #(b) 1.0X 107" molsL™" CaClL %, 3 h J
I, ek TS, S0 0P RaX P T 10 mL DY
SR, PRSIV 28K E 253 100 mL,
SR IR T L R 45 B R ()% N L R
0.023 mSecm ', (b)XF N[ H S 0.035 mSeem ', LI E
LR INGARW], B 8 B IR PRI, AR 1)
FIE LT R o (100465 -t L A 8 A S B 4
BT PR Tl R BT PR DRI kg T A AR A A
1t PVC ARSI il — M B o k), B LA REAE kA IR Bt
(YA 28 0 T P A PR B R A ke, i e R MBS 4 g 2
7.

3 #r

BATTCABRAR 20T Jeie AT ™ B A g SR B T — b
FREMANTHEEY, R)5HLLEF TAA/ATT &
G T IR R . SERAIESE, MK
BN mart/mraa=0.417~0.25 I, XFh LA HL
TEHLET G 09 28 ()65 128 32 36 P B o OS5 Y 8 v 1)
5 28 HAT R AP I BE DR FEL A N, Bl D R
LR NG ) 1.0X 107 ~1.0X 107 moleL ™", Hi#KH#
IS B (tos00) M0 75 8. SEBGIARIL: (1)IEEEFIAE HAR i
B AR BT AR PR RE SN BT, PRI mT DA Y B
R 5] 1) FH ;. (2) BT AR 28 - B PR AR B R
pH {HYEH A 6.0~10.0, X & HHEWEHEY R ATT Al
TTA 215 HIERAR 272 2 T e 105 B) BT il b (AR
PR, AEE W pH Y I, T BAZEDFGE 2.0 by
(4 AR B E R B R R, — I & JmBH B
T R TN, 1T = A 4 B AR AR )
K. BAT R GV IEEY R S5 KT TIF5E, 1R
i SI2 56 448 LR U] A ) AL R R R, BRATT A AT A,
MR AR LR 53 B W B T A R SR T L A
RIS, FLIE AN FLIE A2 R AR L IBERE 4 T R T 254
IR TR I PR S5, SRR SZIX R HLEH LR & 45
P i 1 R PR PO 5 R B S AR L
5% S5 fifk 1R 65 T ) R AR 17 g 1 i [ N A R K (15.0 £
2.0) mVedecade ', K NP 1.0X 10 ° molsL ™', —ff
L PH B X R PN, A BB A TR
KIPL K ATHUKIAE A Dibenzo-18-crown-6 4 HLT 1
W 5 B E B (0 8 8 %y 28.0 mVedecade ™!, A& R B
H4.0X107¢ moleL ™", WiMx it &)EE 1P T
P DS b, SRR DA R AR LB R A
Sk FEL S P A0 DU ) % D ARG PR e 82 R A A 3 PR
A AT 52 R B Y B4 JRATT T o) 4% 1D F A R
FEM N PR RE B AL, LTS A NLENL R A
TR S I BRI S AT B R
Dibenzo-18-crown-6 254 LL, HIEPEY) i £ A <
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JEkE S 15, HA RN AR5, BATBIETT b
B X IATHLUEHLE SR B R R P E BE AT ST

4 LIGEH
41 MOBEAGL

H4 03 ORI 7S A B R B (L FH O P Ab 38 ATT Joi i (1)
3%) Wil T2 MRK . SR AE BT ) ) (WL S+ 1
FF, THECE ATT ISR AN a0 BT
W, SRIFGE LB 1 h, M 4T84 KA, R
YRV 3 TR G b T 7 28 I I SR A DlTE )
JT, AR R I A R F L UE, Vi, 100 C
WA TG, RIS R aifh it ATTIS,

42 BEMYIREE

FRIAS ] FH B LB 1) TAA N4l 5 ATT T
100 mL Z& 187K, R AR GED 3 h, H A TAA #
ATT 780 bft, FREeidvg Peik S 50 CHU TG, 159
HHLIEHLHIEHEY) T TAA/ATT.

4.3 THEERRRIHI&

W LB A5 I s PE Y 5T 56 mg (7.0 wt%) I
TAA/ATT, 350 mg (43.0 wt%)[] PVC F1400 mg (50.0
wt%)[f] DBP B 4T 10 mL PUSIRIEFIT, K3R7A1
JREWUE T 5552 (78 mm X 78 mm)Hf, IR % & I
Jii, B 2045 R AR AT 168G (28 1 B R 1.

4.4 mBIRAIELE

BB IR PE I OR B R A OB (N 2 8 mm,
AM# 10 mm), EFNFTENIKER 1.0X 10" molsL ™ 1)
CaCl, /KW, TRATSEHI 25 LF I Ag-AgCl 2 L HIIK,
BRI S, BHWE TWREN 1.0X10" moleL™'
CaCl, /KR RIS A 24 h, EN7S 3085 55 1P ok i
OB, H 4 20 S P S P Bl 5 T R0 H R W AR e tn
FEL YOG A A4 R A TN -

HOR MY | KCICHAT) | A5 D000 1| 405 85 13 e
| 1.0X 107" moleL™'CaCl, | Ag-AgCl Hit
45 MiRAE

BeE 1.0X 107" ~1.0X 10"° moleL ™" ¥ J&#) CaCl, /K
W, FFH Tris-HCl 2l i 15 % pH=7.0. Hil
T 2RO KR A VG 2R A (R AR (RSP A, A
I BARAAE 0.5~1.0 mV WA KB BPPHE), 4> BIvERES
HY 30 mL AN[R]¥R ) CaCly ¥ T 50 mL Bt oy, #4559
TIEPE RS 2 L S N bk tp AT AL U i, AR S5
T PR FR K 217 I R AR, 22 S PR R L (B B
VIR Ca® IREE M OB~ g .. VEARMIMNLL, 135
R M I 7 2.
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