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Synthesis of Et-Ph-BCTABipy and
Its Extraction Properties for Pd>"

LIU Yue-kun, HE Xi-hong, LYU Hong-bin, ZHANG Hu, YE Guo-an*
China Institute of Atomic Energy, P. O. Box 275(26), Beijing 102413, China

Abstract: In this work, a phenanthroline based tetradentate neutral sulfur-containing ligand,
N.N'-diethyl-N, N'-diphenyl-[ 2,2 "-bipyridine ]-6 , 6'~bis( carbothioamide) (Et- Ph-BCTABipy ) was
synthesized and characterized by »C NMR and ' H NMR. The effects of phase contact time,
concentration of extractant, and initial concentration of HNO; and Pd*" in aqueous phase on
the extraction performance of Et-Ph-BCTABipy were studied, and the complex composition
of Et-Ph-BCTABipy with Pd*" was determined by molar ratio method. At the same time,
the extraction selectivity of Et-Ph-BCTABipy to Pd*” was also studied in the coexistence
system of Ln([ll) and Pd®". The results show that Et-Ph-BCTABipy has strong extraction
performance and high extraction selectivity for Pd*" in HNO; system. During the extraction
process, Et-Ph-BCTABipy combines with Pd*" in a ratio of 1 * 2, and its extraction equilib-
rium coefficient is K., =3. 42X 10°.

Key words: bipyridine; Pd*" ; liquid-liquid extraction; extraction selectivity

75 B #3:2018-12-03;: f&1T H#7:2019-03-25

YEE B XUBREE (1990—) I INAR R 11 B BRAF 52 G4 L B RHIE 21 5 61 8L %l E-mail: alston980780@ foxmail. com
* BEBRRAN M EL 1964 5 BB L BF5E R BRGS0 8%l E-mail ;. yeguoan@ ciae. ac. cn

I 4% HH R B 18] : 2019-11-07 ; R 2% B AR 3k hetp: / kns. enki. net/kems/detail /11, 2045, TL. 20191106, 1445. 010. html



63 XMk . EtPh-BCTABipy By & BRI X PA*™ 12 UM BE 545

&)@ Pd DLICAE ZE g Pk AT S TR ik
HEAL S 7 T R A bR RED Iz N T A% AR L AT
T 7 TR, Pd 78 #h 58 o 19 T & 43
BARMK . 290 1X10 ° 0o ARFERZRER ™ A= 1 =
BB P S B A0 0,35, BUTE & 2020
A JRE ALl A ) Z OB R 2 1 DT e
Pd 158 BB B35 3] 30 Mt AT UL, A= R
B4R B PA*" AT ROk 780 7 B 0 AN 2 L[]
WL PdREZ B EE R EmE R Y Z
o3 Pd XS 4 A 2 AORERY U B IR S B A
BEEZY . HILAZ R4y 5 57 4 )8 Pd
XF Z K HE B AN T R A 2 B 5 A
M E .

ZIRRKE: Ja b B AR . Pd DL i BH R T
T 35 e 2R 7= ) ik A e R S TR
Vi R 28 BBV R B g R R ) PP AR B AR
A T RE 6 P A 2 BUSCR 2 R AL 5 U
M o BF RS BB
P45 AH R ZEIGRIE P ) 28 IR 7 vh A2 7
REIOA R R PR 22 A i a5 () I AU R o
BN AR LA A BR = AH 5 38 o A BUHE T
IR R AN IE A Kb B R AR R Y R R .
R, 7 B — 25 W5 FOF & A HNO; R Z o x)
Pd*" HLA ZEURE 7 o e 9 1 v 9 25 TR

M4 1R R B B i (hard-soft-acid-base,
HSAB) . Pd*" J2 3R , &) 5 & A B HOR F 1 IE 14
RAEZAEMHEM M N.SE KM FoE.
LoClD 28 12, 5 5 & A B 5 1 O 56
BCAAR & AR 2 S AE T . A X R i R A A A
WAL S HEALE F /) N N'-—Z 3-N, N'-
TORSE-[2, 2 Bk nE J-6,6 - "B AUk (N N'-
diethyl-N, N'-diphenyl-[ 2,2 -bipyridine ]-6 , 6'-bis
(carbothioamide) , Et-Ph-BCTABipy) , H 45 #4 =
AT E L IR Z A BRI R PA A O BE

Kl 1 Et-Ph-BCTABipy )25 #)={
Fig. 1 Structure of Et-Ph-BCTABipy

1 Lo

1.1 R FFA =R

La(NO;); ,Ce(NO;); \Nd(NO;), . Eu(NO, ),
P 9 W, B R AR HERE . p=1 000 mg/L,
¢(HNO,)=1.0 mol/L, H %4 ¢ 4 )& &% H F#
BE AT D3 5 JLAY TR 38 Ok 43 A L T T D 2
e L2 R A R A A

DZF-6050 B 25 T4 A » b il — e Bk 224X
A BRA 7 s RE100-Pro B g &% 28 K AL . K b 2%
B 55AEF (AL 3O A BR 2 ] s DF-101S A 4 4 5K
P63 R 7 BB A L M E A R AT PR A A TQ2-
312 BUKIRAE R IR % 2% - 1R 7 S 0 15 4 A PR
A ] KH-3000 7 42 9 K 2 3% 3L, 11
FH A AL B A5 BR A #] 5 Tnova 400 MHz NMR
spectrometer, 3% [E FL B %4¢ (Varian) 3% AR o B A [
73] BSA224S-CW HLF 43t KOF- Jfkaw o 1071 g,
R EA 220 g, T8 2 F B (Sartorius) B 5L
B ED AR A F s HWCL-1 4 $ X 1 i @
JIHEFER I # Ty A& 300 W fd IR BE R & IR ~
200 °C AR M K IR T 51 A BR 2> 7] TDA-4K %l
BLOHL, KD 5 ik A8 A BR A w) s LPD2500 # %
eI IR A A - 3 T (Leopard) B 22 X 2% (b
FOA PR H s XYC2-10-H M 4l k1% .25 C F #
i K HEA/NT 18.2 MQ » em, 25 C FH &
RARKF 0.06 ps/cm, b 52 i I FHEE AR A
A ICAP-Q B! fy 8 Al & 5% B + 1k i 3% (ICP-
MS) , % 8t &t /R ( Thermo Fisher) £} 47 (r E)
AR H
1.2 XWHE

H E+-Ph-BCTABipy & % B 1 fit F CHCL,
TERAEHLA . T2 M5y B PA° T . 5250 ik 4%
AR HNO; ¥ BE AN [ PA* " ¥ B2 A 7K 7 W BF 52
AR 422 it B[R] L 2 TR0 v BE LB R K A R B RN
Pd*" ¥ B2 45 R R 6 P 2L BCME RE R S A . Fi IR
AU AR R B O 1 10 B 4 7 A
F RO R — B R 2 S B0 4 A s L
— B F A MLAH Bk AH I R RIS XY A5 8 F 4
S CHCLy, Je 25 8 F K & 4 % 3 mL, ICP-MS
M UFRIRER 1Y, ERE RSP SR
F M4 D A TR E K 43 85 H - SF Al 43
AR (D) FER.

D= ‘o (D

Caq



Bz Sictey H4lg

546
__D 0
E—D+1XIOOA (2)
_ Dw
SF = D (3)

AU 2 o L Con 73 91 278 AR Y- I 32 185 1~ 7E KA
A HUAH e  mol /L

2 #ZRE5iITE

2.1 ERFINERERIE

2 W0 0 A 1 3 A 48 DU A 25 3R Pl e
13 B4 BT F =X () —(6) R o1, ]
PP K66 - -2, 2 -k rE() 2,2 -

BENEIE-6,6"- "R (2)F1 N, N -2 3-N,N'-
TR (2,2 - BE L nE -6, 6" - Mk Bk (Et-Tol-
DAPhen) (3) .

m n-Bu,NBr, Pd (OAC) , K,CO, /= —
. o / \
NZ BIPMF,HZO,IPrOH,llOC \ KB /
1
(4)
7/ \ \—/ HS0, cro, / \ \_ )
=N N —N N
1 2

HOOC COOH

(5)

HOOC COOH

DL 7= 3 RN, T Ar R F L 1R
[ S B2 1 im A 10 mmol 19 5% 2538 7 » I 4K
JA 10 mmol B H Al =4 3 J& 10 mL H 2% )k
LA 2R 00 R R I [l 9 2k 4 g 3 AR AN =X (7D
JEoR . R )2 @35 20 Bt CTLO) 8 & [ 9 2
SR )G AT A EM Y., FIH 6%
2 B AS 55 S P 6 BR 2 i (n-hex-EA) #il EtOAc,
AL 4 = D alifbRL ™= 9, 4R 5 0 e 75 17 15 3
= NoN'- 2 3-N, N - K 3E-[ 2, 2Bk
Mk w16, 6~ & 48 Wk e (Et-Ph-BCTABipy) , /=
s G KN B N T 3 s N R N B SR N
if'H NMR fi1* C NMR # 17 £ 1k, 3% K R F
B 2.3, & 20 %H.'HNMR(600 MHz, % 5|
J CDClL):6 7.70(dd, J =7.3,1.5 Hz, 2H,

7 \ =\ SOClL, EtN, N-Z &% \ 7 }\I /
\ / THF,DMF O 0
=N N NJ \—N
: ®

3 (6)
H-2,2'),7.54(m,2H,H-4,4"),7.52(m, 2H,
H-3,3'),7.03(t,J=17.7 Hz,4H,H-9,9",11,
11",7.00 (m, 2H, H-10, 10", 6. 99 (m, 4H,
H-8,8',12,12'),1.37(t,J=7.1 Hz,6H,H-13,
13D, B 3 AT A1 C NMR (150 MHz, i #| H
CDCly): 6 152.9 (C-1,1"),124.4 (C-2,2"),136.7
(C-3,3"),120.0(C-4,4"),158.7(C-5,5"),198.7
(C-6,6"),144.5(C-7,7"),126.9(C-8,8",12,12"),
128.9(C-9,9", 11, 11", 127.5 (C-10, 10"), 51. 9
(C-13,13" . i vl LA & 45 187 90 ok e
s b5 ¥ E-Ph-BCTABipy. ' H #% 8 1% &1 45 R .
7N B W) AL S W R AR 1 AR T
AR 0,06, 83313 (1—0.06)/1X100% , 7]
W = e Bl 94N A .

/7 \ 7\
) N N { 3 A o MS
R, A ) NJ \—N

O O
N—
O, O
2.2 ZEHUHBEWIR

2.2.1 5 AH % fil B ] %) E+-Ph-BCTABipy #£ Bt
Pd*" PEREAYSE I A AH 2 il ) |) ¢ 5 A IO K 4y
BLH X R T 4, dr B 4 ] %0 . B 25 5 A 42
St B 10 P9 38 000 5 JC38 B 43 TC LU AN DT 385 o 5 98 4 422
filt 40 min Ji5 2 WO B F TP . O DR IEZE LA
FI -7 . BEFE 60 min F I 2 A UL o i 9 AR
2 fh ik 1]

2.2.2 HNO; #]45 ¥ X E-Ph-BCTABipy %

O

WP PEReny i T ER AT RO L A BUR R
NO; B ELE L3 2 B Et-Ph-BCTABipy 5
Pd*" [ A AR P R 0 -9 A AR 2R rh oK AR ) 4
HNO; W EREEZMARE NN EFLHNRZ —.
HNO, ¥t A 0. 1~3.0 mol/L,0. 002 mol/L
Et-Ph-BCTABipy ) CHCly ¥t » 28 BRI X 7k
W PdT AR ) R L HEOR FIE S,
ST 7E T % %2 1 HNO, ¥ B 3t [ 4 Pd*"
153 BE L BE HNO, v B2 (9 38 hnim 38 o, 3 02 i



5630

XA 55 . Et- Ph-BCT ABipy 94 8 & H %t Pd™ [ 2 U fig 547

Et-Ph-BCTABipy J H £ 2 5 . HNO, ¥ Ji£ 3

™

32 23

e VaYt
L3 AN NG B
N-E(5 o0,
8 S 7 8’

7

S 10

H,O

bl - .

E/%

0 2 4 6 8 10 12 14
1% 6 %/ ppm

1 ppm=1 mg/L
2  Et-Ph-BCTABipy 19" HAZ i 1% &l
Fig. 2 Structure characterization

of EtPh-BCTABipy with ' H NMR

S g 8" |ccip

||

0 50 100 150 200
W2z L%/ ppm
K 3 Et-Ph-BCTABipy )" CH% 17 1% £
Fig. 3
of Et-Ph-BCTABipy with *C NMR

Structure characterization

0 10 20 30 40 50 60
t/ min

¢0.org (E-Ph-BCTABipy) =0. 002 mol/L,
0220 (PA2F) =100 mg/ L. co.0q (HNO,) =2. 0 mol/L
Pl 4 AR 2 f e [ X P* 10 2 B BE 2 T
Fig. 4 Effect of contact time

on extraction performance of Pd*"

e NO; & &K, P BB L BE NO; ¥
BRI G N, 7E 2. 0 mol/L HNO; &4 T .Et-
Ph-BCTABipy XfPd*" (y# BUZ ] ik 93 %,

E/%

60 1 1 1

1
0.0 0.5 1.0 1.5 2.0 2.5 3.0
¢y,.,(HNO,) /(mol = L)

¢o.org (Et-Ph-BCTABipy) =0. 002 mol/L.,
0020 (Pd2*) =100 mg/L,¢=60 min
Pl 5 AN IRl 1R ) 2 2 P 11 2 B B 2 1
Fig.5 Effect of initial nitric acid concentration

on extraction performance of Pd*"

2.2.3  FEWUH ¥ JE X E+-Ph-BCTABipy # It
P {5 EtPh-BCTABipy & H 1t % B 5
E— W HNO, {k &, E- Ph-BCTABipy
XFPd™ {2 BEC A AT ] B X (8) R .
Pd’" +2NO;.,, +nEt-Ph-BCTABipy,,——

Pd(NO,), » nEt-Ph-BCTABipy,, (&)
TEPRIEE I ELI T T 2 B ) 1) AL I 2 A [ s T AR
P2 (&) FHEARF n A HLAHH 0. 000 1~0. 002 mol/L
Et-Ph-BCTABipy ) CHCL, % ; /KA 3. 0 mol/L
HNO, ,100 mg/L Pd*" /5. # B3| EtPh-BCT-
ABipy B BE (¢ (Et-Ph-BCTABipy )/ ¢, (P& )
FE 0. 1~2.0 A A8k, i AH A ik B 5 Pd® T 2L
AR K R s T 6, Bl 6 w] %0 Bifi 4 25 B
Et-Ph-BCTABipy ¥ J& i 34 K, Pd™™ 1 ZE BUR AN
W &, 24 A€ U] Ec-Ph-BCTABipy /Y ¥ B 4
0.5 mmol/L B} CHIXT & BE 35 31 0. 53 Bf) . R
AJIK 93705 P a FREAEIARAT T FEBUH Et-
Ph-BCTABipy X Pd*" ) 2£ BU T 35 10 FH L 3% 50T
Xof I v BE B B A 2H R ZE A 0 1 A€ L] EcPh-
BCTABipy 5Pd*" 1 4L 5 L. a s 6F R 14 AH X
FEY) Sk 0.5, #i B Et-Ph-BCTABipy I Pd*" L)
L 2my 5 SN ZE A 9. B, (8 A I =X
(D FKik,

2Pd% +4NO,.,, +Et-Ph-BCTABipy ==



Bz Sictey H4lg

548
[Pd(NO,), ], » Et-Ph-BCTABipy,, (9
14
100
o5t N S U 1T
90} 7/‘
{10
85t/
I Is
x H o
575 |,
70+
65 N
60+
55 12
%0 0.5 1.0 1.5 2.0 2.5
¢ (Et-Ph-BCTABipy) /¢, ,, (Pd™)

00.aq (Pd?7) =100 mg/L,co..q (HNO3) =3. 0 mol/L,z=60 min
& 6 AN [) ik B 2 IR 6 P 1 25 UM R R )
Fig. 6 Effect of extractant concentration

on extraction performance of Pd*’

2.2.4 JKAWIGRPE " e EEXT A BCMERE 5L M A
WA E¢-Ph-BCTABipy 5 A #HLAH Pd*" ik B2 1Y 1o
{H (c(Et-Ph-BCTABipy) /coe (Pd* ")) Fifi 7K 41 %) B
Pd™" i W E (oo (PO A8 4L K R 8 F
K7, H 7 AT 7E A€ BOR) MR B DR — 8 1Y 1
LN L BEE W) 4G K AR P e BE R 3G, ¢ (Et-Ph-
BCTABIipy )/ cory (Pd*" ) AN W7 BEAIK » 24 9] U3 7K AH R
Pd*" it i ¥k B 35 %) 3. 3 mmol/L &), F{f & T F
s, 29 0. 51, i — Bk () g 4518 . [
Bf UG MR A 0.5 mmol/L B AEHGH 5 1. 0 mol/L
i) HNO; ,0.9~3. 8 mmol/L ) Pd*" 7K #H 1% % #6
AR Al A IBGE FE rOR HE =AR B R Ts Y.

__L3r

S 3.2
@ 1.2+

S 12-8
1.0

§ 2.4
2 0.9+ .
O 0.8 12.0
A

= 0.7

o 1.6
m 0.6

© 0.5 Y 1.2

1-(I)0 1;0 2(I)0 2;0 3(I)O 350 400
Po(Pd)/(mg=L "
corg (E-Ph-BCTABipy) =0. 5 mmol/L,
€0.ag (HNO3) =1. 0 mol/L
Bl 7 REKAHFIIG PA* i BEXS PA*" 14 28 U BE 2
Fig. 7 Effect of initial Pd*" concentration

on extraction performance of Pd*"

FHZAERR N P HA KM ZE IR &,
2.2.5 ZERCPMEBONTHA O ORIEE O R
B K AR AR RIRA
K — Corg (PA(NO;), » nEt-Ph-BCTABipy)
g (PA ) 2 (NO; ) ¢t (Et-Ph-BCT ABipy)
(10)
K, (PA(NO,), » nEt-Ph-BCTABipy ) % 75 #
OV i A HUAH BB IV BE 5 e (PAT )
et (NO; ) < corg (Et-Ph-BCTABipy) 43 5l % 77% % Bt
A B K AH R PA? T R NO, 1 e BE DL R A BLAH o
B H A IOR ) o B . AR A T S I E A AR HOT
i HUAE 9 B B 22 BT E¢-Ph-BCTABipy 1)
W con, (Et-Ph-BCTABipy) A %77 H -
Core (Et-Ph-BCTABipy) =
¢o.0 (Et-Ph-BCTABipy) —c(Pd(NO;), »

nEt-Ph-BCTABipy) (1)
o s e (Et-Ph-BCTABipy) 2 7~ A HLAH A 1
# Et-Ph-BCTABipy BYHI I FE 5 ¢ (PA(NO; ), »
nEt-Ph-BCTABipy) £ /R 2 5 [ 7 i 2 B Et-
Ph-BCTABipy By B . 752X (10) Hr, i B2 vk Ji2 i
TP R B eT DA AE UK & o NO;
¥ 3 1E G R R 5 AR A W SC S5 5 45 18 . Et-Ph-
BCTABipy FIPd* L 1 ¢ 2 il 5 = Be A T i % &
P A0 5AD g4, a5 TR

¢(Pd(NO,), * nEt-Ph-BCTABipy) =

Koo o2 (P> ) cd, (NO3 )¢y, o (Et-Ph-BCTABipy)
1+ K.k (P ‘ )ca (NO; )

12
FBR R PP 4] X (13) FRIR
2y Corg (PA*)
D(Pd*") (P (13)

Horp, ey (PA* ) I o (PA) 75 - M7 Bif PA® 1E
KA AP B . BN AR AKX A2, 1]

(EN W
Cog (Pd*T) _ ¢t (Pd*)
D(Pd*) o.ors (Et-Ph-BCTABipy)

1
K..cly(NO, )¢y, (Et-Ph-BCTABipy)

Hod, 20, (P& ) /D(PA ) il & (PA®T ) 545 1
KR O AT SCHE MY S 298, vT LA F
2., (P ) /D (PA*" ) Fil ¢, (P ) {9 3 R F
8. HHIE 8 mI I H 4 M AH O R %L »* =0. 985,
%K 0. 965 (mmol/L) !, HAEKUE 52 Bk &R
T2 U E¢-Ph-BCTABipy BB MR IE co.0n (Et-
Ph-BCTABipy) = 1. 0 mmol/L $3 . % 1t B [ 8

14




63 XMk . EtPh-BCTABipy By & BRI X PA*™ 12 UM BE 549

LA HAF LS X AD R R A — 2
o TR E B AR R, d XL AT RO
H Ko =3.42X10°,

»=0.965x+0.293
1F r°=0.985

2¢,,(Pd*) « D" (Pd") / (mmol « L")
[38)

0 1 2 3 4
ci (Pd”) / (mmol®+ L)

¢o.org (Et-Ph-BCTABipy) =1. 0 mmol/L,
€0.aq (HNO3) =1. 0 mol/L
B8 FEIFIXTPA™ [ 2T R L 40 (L& 45
Fig. 8 Line fitting of extraction

isotherm data for Et-Ph-BCTABipy

2.2.6 #HUF| Et-Ph-BCTABipy %fPd*" i # Bt
M A La®t (Ce’t (Nd (Eu’ LFE R IR R
H ZEHCH] Et-Ph-BCTABipy % Pd® " [ £ B % #%
P T 9. & 9 R, BEE ¥ G KA - HNO,
W RE /8 0 . 22 B Et-Ph-BCTABipy X Pd*" [y
ZEIURE ST AN W 3 5, A L TP L ZEEUH] Et-Ph-
BCTABipy % La®" ,Ce’" \Nd*" \Eu’" 2K HURE /1
55, 7E 0.5 mol/L #l 1. 0 mol/L 4 R 1% W .
Pd*" 5 La*" \Ce*” \Nd'" E'" WA BN 7 KT
99(F ., Wik W E¢-Ph-BCTABipy X Pd*"
HA B0 W A O P

(o N

W

0.00 | l‘ M
Pd” Ce” Nd™ La” Eu™

[y
5]

Corg (Et-Ph-BCTABipy) =0. 5 mmol/L, po.sq (M) =150 mg/L
¢0,0¢ (HNO3) ,mol/L . —0. 5,01—1.0,[]—2.0
B9 IR 4 Jm 8 1 1 AR I fig
Fig. 9 Extraction performance of Pd*" , La

Ce’", Nd*", Eu'" with Et-Ph-BCTABipy

3+
)

F 1 OFBGNAERPE T 5FR L
Ce*™ \Nd™" \Eu*" 4y B W F
Separation factor for extraction performance
of Pd*" and La’", Ce't, Nd*", Eu*"
with Et-Ph-BCTABipy, respectively

Table 1

AT HNO; # BT 9 SF

SF
0.5 mol/L 1. 0 mol/L
Pd?" /Ce®" 270 -
Pd*T /Nd* T 103 248
Pd?t /La®" 303 -
Pd*" /Eu? " 99 280

1 : €0,0rg (Et-Ph-BCTABipy ) =0. 5 mmol/L; py,.q (M) =150 mg/L

3 & i

BT LS O IS A IR T B9 A BUR) Et-Ph-
BCTABipy - I X % # B0 45 ¥ BE AT 1 R AL, 78
HNO, 78 HiZ £ BOGR 0 P HAT 8058 1 A€ UM
RE ML o B AE U PR S P AL = 28905 01
JREE 5 » HAEBOP B0 80 Ko 3. 42X10°,

SE WK

[1] Acres G J K. Platinum group metal catalysis at the
end of this century[J]. Mater Design, 1987, 8(5):
258-262.

(2] E 7 UK. 3 P o) =R WRORHIE #1142 1 IR 2% e
)], BRIE LR, 2013(5):8-12.

[3] Ansari S A, Pathak P N, Manchanda V K, et al.
N,N.N’, N'-tetraoctyl diglycolamide (TODGA): a
promising extractant for actinide-partitioning from
high-level waste(HLW)[]J]. Solvent Extr Ion Exc,
2005, 23(4): 463-479.

[4] Ansari S A, Pathak P, Mohapatra P K, et al.
Chemistry of diglycolamides: promising extractants
for actinide partitioning[J]. Chem Rev, 2012, 112
(3): 1751-1772.

[5] Boualia A, Mellah A, Silem A. The effect of raw
and sulfonated kerosene-type diluent on the solvent
extraction of uranium and co-extractable impurities
from solutions: Part 1: uranyl nitrate solution[]].
Hydrometallurgy, 1990, 24(1): 1-9.

[6] Dakshinamoorthy A, Dhami P S, Naik P W, et al.
Separation of palladium from high level liquid waste
of PUREX origin by solvent extraction and precipi-
tation methods wusing oximes[]J]. Desalination,

2008, 232(1): 26-36.



550

Bz Sictey H4lg

7]

(8]

(9]

[10]

Kakoi T, Toh T, Kubota F, et al. Liquid-liquid ex-
traction of metal ions with a cyclic ligand calixarene
carboxyl derivative[J]. Anal Sci, 1998, 14 (3):
501-506.

Mohan Raj M., Dharmaraja A, Panchanatheswaran
K, et al. Extraction of fission palladium( [[ ) from
nitric acid by benzoylmethylenetriphenylphos-
phorane(BMTPP)[J]. Hydrometallurgy, 2006, 84
(1. 118-124.

Alyapyshev M, Babain V, Borisova N, et al. 2,2'-
dipyridyl-6, 6'-dicarboxylic acid diamides: synthe-
sis, complexation and extraction properties[ J]. Poly-
hedron, 2010, 29(8): 1998-2005.

Reinecke J, Hoffmann H M R. First synthesis of

the functionalized dioxatricyclic core structure of di-

[11]

[12]

[13]

ctyoxetane and proposed biogenesis
dichotoma[ J]. Chem: EurJ, 1995, 1(6): 368-373.
Cassol T'M, Joachim Demnitz F W, Navarro M, et al.

in dictyota

Two convenient and high-yielding preparations of 6,
6'-dimethyl-2, 2'-bipyridine by homocoupling of
6-bromopicoline[ J]. Tetrahedron Letters, 2000,
41(43): 8203-8206.

Stankovic V, Outarra L, Zonnevijlle F., et al. Sol-
vent extraction of silver from nitric acid solutions by
calix[ 4 Jarene amide derivatives[J]. Sep Purif Tech-
nol, 2008, 61(3). 366-374.

Huang H, Huang C, Wu Y, et al. Extraction of
palladium( ] )
diglycolthioamide[ J]. Hydrometallurgy. 2015, 156

(8): 6-11.

from nitric acid solutions with





