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Extraction of Ag(I) and TI(I) by thiacrown ether
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Abstract: Based on the coordination chemistry of crown —~ SN o™
ether and soft and hard acid-base theory (HSAB) of crown o @0 Oj @0 S]
ether, five kinds of thiacrown ethers were designed and C[ 3

synthesized. And their complexation abilities to two soft acid

ions-Ag(I) and TI(I) were systematically investigated. a,10-dithiabenzo-15-crown-s 4,13-dithiahen220-18-crown-6 7,10-dithiahenzo—?8-crown—6
Firstly, the five crown ethers and their complexes with Ag(I) (\o/"o’\s (\of‘ofﬁs

and TI(I) complexes were optimized by Gaussian 16 @0 :-}j @0 ;6
software. On this basis, the Gibbs free energy change (AG), o] Q 0 s

enthalpy change (AH), internal energy change (AU) and ‘—0\\,0\,18‘) ‘_0\\,0\,13‘)

other thermodynamic parameters of the complexation 4 5

10,19-dithiabenzo-30-crown-10 10,13,17,20-tetrathiabenzo-31-crown-10

process of five sulfur crown ethers with Ag(I) and TI(I) at

298.15 K were calculated. The simulation results showed that the five thiacrown ethers had changed after being
complexed with Ag(I) and TI(I), and the AG and AU of the five crown ethers after structural optimization were negative
in the complexation process with Ag(I), showing a certain coordination ability. However, during the complexation with
TI(I), AG and AU were close to 0, and the coordination ability was relatively poor. On the basis of simulation
calculation, the extraction ability of five crown ethers on Ag(I) and TI(I) was investigated by solvent extraction. The
experimental results showed that the complex constants of five thiacrown ethers for Ag(I) were 3.97, 6.58, 20.61, 9.76,
13.40, respectively in the single system. In the multi-system, thiacrown ethers 2, 3, 4, and 5 had higher extraction rate
and selective recognition ability for Ag(I), while thiacrown ether 1 exhibited poor selective recognition ability for
Ag(I), this may be due to the small cavity of thiacrown ether 1. However, the five thiacrown ethers had almost no
selectivity for TI(I), this may be related to the coordination properties of TI(I). Finally, combined with the simulation
results and extraction experiments, the extraction mechanism of five crown ethers on Ag(I) and TI(I) was analyzed in
detail.
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Fig.1 The structures of five thiacrown ethers
AG=AH -TAS (5)
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4H), 3.75~3.71 (m, 4H), 3.66~3.63 (m, 4H).
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Fig.4 Optimized structure diagrams of five thiacrown ethers and complexes (298.15 K, aqueous phase)
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Table 1 Calculation of thermodynamic parameters of complexation of five thiacrown ethers with Ag(I) and TI(I)
Cation Thiacrown ether AH/(kcal/mol) AG/(kcal/mol) AS/[kcal/(mol-K)] AUl(kcal/mol)
Ag(D 1 -30.041 -21.899 —0.0273 —29.449
2 -35.288 -28.484 -0.0228 -34.696
3 -33.958 -24.683 -0.0311 -33.366
4 -39.941 -28.312 -0.0390 -39.348
5 -30.480 -17.248 —-0.0444 -29.887
TI(D) 1 -8.733 1.237 -0.0334 -8.141
2 -14.607 -7.030 -0.0254 -13.423
3 -7.151 3.004 -0.0341 —6.558
4 -9.876 -2.238 -0.0256 -9.289
5 -10.105 —1.838 -0.0277 -9.513
7 39
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Fig.5 Determination of complex constants of Ag(I) and TI(I) by five kinds of thiacrown ethers
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Table 2 Complex constants of five thiacrown ethers on Ag(I)

and TI(I)
Thiacrown ether 1 2 3 4 5
Ag(D) 3.97 6.58 20.61 9.76 13.40
TI(T) 4.24 4.65 5.80 4.77 433
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3, HARERSF0.57 nm) A ATk, BAZ I Ag(D)FJit
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2, SR RISER AR, DRI B 4 ekl 5 4R 25
F RIS SRR, HiE— D15 PdID S Ag()
SR EN] SRS, AR SRR Ag(D BT RE
B B 2 K/ B 8 A HERE AR DG, T4 A PEREI o 4%
FFHAL,

®3 MEEMESERFRPN AgDREMEREFHNENERNBERY

Table 3 Extraction rates and separation coefficient of Ag(I) and other metal ions by thiacrown ethers in multi-ion system

Extraction system

Multi-ion system

Thiacrown ether

Ton Cu?* Pb%* Zn>* Ni2* Ag®

1 Extraction rate, E/% 1.34 9.38 7.11 4.09 30.42
Separation coefficient 32.19 4.02 5.71 10.25 -

2 Extraction rate, E/% 9.50 12.30 8.70 8.90 93.40
Separation coefficient 134.81 100.90 148.51 144.85 -

3 Extraction rate, E/% 7.86 6.86 10.90 8.18 70.15
Separation coefficient 7.01 31.90 19.21 26.38 -

4 Extraction rate, E/% 0.80 12.16 3.71 1.11 61.09
Separation coefficient 194.68 11.34 40.75 142.44 -

5 Extraction rate, E/% 3.62 11.83 5.32 2.36 86.65
Separation coefficient 172.81 48.37 115.51 268.53 -

Note: Temperature is 25.0+1°C, aqueous phase is 50 mL, ¢(AgH)=0.05 g/L, c(Cu?', Pb**, Zn?*, Ni*")=0.05 g/L, organic phase is the right amount of CH,Cl,,

V(oil phase): V(aqueous phase)=2: 1, pH=4~5, time is 30 min.

3.3.2 TORPER AR ST TIT)EFPE AL EL

£ 4 RIS EREE S AR R PR TII) A A
SR E T IZERCE L8 2. WTUEH, 20k R
R EBERT TID) LA AR R, XTI A
REE R T HAR T, SRR TR T H S+
TSI, BTl 2 F1 3RPT85 03 B 2K Y

TIDFEST. IXFRES T H & PERUA O ARSI LR
W TIC) W] e ARERIE AT 17 1Y, HLAMNRE I i 75t
(68?73 2 AL T BUR B T BT B, %A AT RESZ I
PHES A AR, TR XETE BRIEE S 13538,
RS, R EBEXS TICD I TCE FE AR /L ATRE
FEGRHA B RE S TEREIT R E R .
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Table 4 Extraction efficiency and separation coefficient of TI(I) and other metal ions by thiacrown ethers in multi-ion system

Extraction system

Multi-ion system

Thiacrown ether

Ton Cu?* Pb%* Zn?* NiZ* TI
1 Extraction efficiency, £/% 2.16 7.58 6.29 3.17 5.48
Separation coefficient 2.63 0.71 0.86 1.77 -
2 Extraction efficiency, £/% 10.8 16.4 3.91 15.64 21.64
Separation coefficient 2.28 1.41 6.79 1.49 -
3 Extraction efficiency, £/% 3.31 10.72 1.12 7.36 23.19
Separation coefficient 8.82 2.51 26.65 3.80 -
4 Extraction efficiency, £/% 10.8 16.4 3.91 15.64 6.54
Separation coefficient 0.57 0.35 1.72 0.37 -
5 Extraction efficiency, £/% 8.48 5.46 8.07 2.62 6.6
Separation coefficient 0.76 1.22 0.805 2.62 -

Note: Temperature is 25.0+1°C, aqueous phase is 50 mL, ¢(T1")=0.05 g/L, ¢(Cu?*, Pb>*, Zn**, Ni>*)=0.05 g/L, organic phase is the right amount of CH,Cl,,

V(oil phase): V(aqueous phase)=2: 1, pH=4~5, time is 30 min.

4 % B

FET R R B AL A 2 R, Bt T Rk R
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Fo FI ] Gauss View 6.0 Z 7 F Rt 2% Tl ik 1 45 K R 7Y,
KH Gaussian 16 A5 b e Bt AT S50 40, FEXT
bR AR R R 7 0 Ag(DAT TID) ) 28-E ik BT 14
F1E R RS SR Al R VA IR B R G
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FILLT 4518
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