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Abstract

In order to reduce the concentration of lanthanides and actinide elements
in the radiative nuclear waste, we proposed to employ organic synthesis
approach to synthesize chelators containing amide functional groups for
adsorption of lanthanides and actinides. These chelators will be used as
adsorption materials in the stationary phase of a separation column. In
order to achieve this purpose, authors modified certain functional
groups as the linkers to be incorporated into inorganic silica materials to
become a host-guest composite material.

Key words: chelator, amide functional group, inorganic silica materials,

radiative nuclear waste.
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| 3 B~2 7% A § universal solvent
extraction (UNEX)!"*! « TRUEX (transuranic extraction) ~ CCCEX
(Cesium separation by calix-crown extraction) > *1# + i éhPurex 3
B HP 3 BINGEFE B AED o LB Y SR G
octyl(phenyl)-N,N-diisobutyl carbamoyl-methylphosphine oxide
(CMPO) ~ N,N,N’,N -tetraoctyl-3-oxapentane-1,5-diamide (TODGA) -
2,6-bis(5,6-diisobutyl-1,2,4-triazine-3-yl)pyridine (iso-Bu-BTP) ~

4,4’ (5’)-di-(tert-butylcyclohexano)- 18-crown-6 (DtBuCH18C6) -



calix[4]arene ~ di(2-ethylhexyl)phosphoric acid (HDEHP) [ B] — ] - &% 7&
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F4iE: (phosphorous acid) 'l fj‘u
FvEI80% M b oo Ao S AP A1k B hE 4e » “some drops
of an inorganic initiating agent.” [
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BRIAEY o R Ay TR BRI ERBFRER T
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chloride o e Fyt it &4 Ap§ 7 £ T > &2 33> B2 TEFT -
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Diglycolic anhydride

(O( acetic anhydride, 4 eq O
g on s -3 0
OH
\_( reflux 2.5 h \ é
82%
(@] @)

% 100 mL ¥ 5 Fl A Fgp 4 » = 4 fEfc (diglycolic acid,
15.005 g, 111.9 mmol) ~ ¢ f& f* (acetic anhydride, 42.0 mL, 4
equiv) ~ > ¥ L Bk pk (phosporous acid, H;PO;) » 4 pF# 12 5 3| =
YA N F XA A A e BT MRAET s Buim n 2 0] PR30 A
8 (142°C) e pc"s B iodt ZAEE > 10 M4 #£ 3] 160°C #-
L LR ARG BEFED D FARMEIFERS I B HER N
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MHz, CDCl;, §) : 4.43 (s, 4H) .">C-NMR (100MHz, CDCls, §): 64.6
(s, O(CH,C=0),0), 163.0 (s, O(CH,C=0),0).

Dihexylcarbamoylmethoxyacetic acid

O NH(n-CgHya), 1 eq O
/ 2 NEts, 1 eq /_Z(OH
@) (@) > 0

\_§ CH,Cl,, THF \_(N(n-CeHn)z

O  40°C,3h 5
87%

% 150 mL H 3¢ Rl &AL & B 4 » = 4 g+ (diglycolic
anhydride, 3.00 g, 25.8 mmol) ~ = % ? %% (70.0mL) ~ = & r%ra (15.0
mL)~ = & & 3% (dihexylamine, 5.95 mL, 25.7 mmol, 1 equiv) > " F% ¢
W e > B o4e » = ¢ ¥ (triethylamine, 3.00 mL, 4.16 mmol, 1
equiv) > i EE 0 b 4h40°C b 3L B B B EE o
10% BA-Kizieds (ISmL) - = > 3 #8401 @ RERLAR R0 0 i
R AR IR SFRR WA AP AR § B AR 7765 g0 4o~ 2 AL
g B G IRA Y F FRMEEG R Bt RiRkSE TR
¢ kAP 1116710 g0 A& = 87%-111: '"H-NMR (400 MHz, CDCl;, §) :
0.83 (s, 6H, CH3), 1.23 (s, 12H, NCH,CH,(CH,);CH3), 1.48 (s, 4H,
NCH,CH,(CH,);CHj3), 3.05 (t, J=7.6 Hz, 2H, NCH,) , 3.27 (t, J=7.6 Hz,
2H, NCH,), 4.14 (s, 2H, COCH,0), 4.34 (s, 2H, COCH,0). ’C-NMR

(100 MHz, CDCls, §) : 13.7 (s, -CH3), 13.7 (s, -CH3), 22.3 (s,
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N(CH,),CH,CH), 22.3 (s, N(CH,),CH,CHj), 26.2 (s.
N(CH,):CH,CH,CHj), 26.4 (s, N(CH,):CH,CH,CHj), 27.1 (s,
N(CH»)-CH,(CH,),CHs), 28.3 (s, N(CH,),CH>(CH,),CHj3), 31.2 (s,
NCH,CH,(CH,):CHs), 31.2 (s, NCH,CH,(CH,);CHj), 46.5 (s,
NCH,(CH,)4CHs), 46.7 (s, NCH,(CH,);CHs), 70.7 (s, OC(C=O)N), 72.0

(s, OC(C=0)0H), 170.4 (s, OC(C=0)N), 172.1 (s, OC(C=0)OH).

Dioctylcarbamoylmethoxyacetic acid

O NH(n-CgHir)p 1 €q Q0
O/ ZO NEt3, 1eq N O/_Z(OH
CH,Cl,, THF \_WN(n_CSH”)Z
o) 40°C, 3 h O
98%
I Y/

% 100 mL H 3¢ F] &g & B 4 » = 4 g &+ (diglycolic
anhydride, 1.999 g, 17.22 mmol, 1 equiv) ~ = % ? ¥ (45.0mL) ~ = &
rhrm (16.5mL) ~ = & ¥ "= (dioctylamine, 5.20 mL, 17.2 mmol, 1
equiv) > 4t BF € v jicic g L 4r » = ¢ ¥R (triethylamine, 2.40 mL, 17.2
mmol, 1 equiv) > &P @ g 0 100 8H40°C 4B 3 o B304

IR0 10% BELKRRkdE (1SmL) 2=k B £ 0= & 7z (10
mL) g3 = 5 WA & H T g R @i/,ﬁ“,’f—i T ik 4%

(6 R SRRIR T B FF 4 kA 6834 g0 der L L S Y
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oD HHEZRE BRSO RRESE FAT IR AR IV
6.710 g> & & 98%¢IV: 'TH-NMR (400 MHz, CDCl5, §) : 0.84~0.88 (6H,
CHj3), 1.26 (s, 20H, NCH,CH,(CH,);CH3) , 1.52 (s, 2H,
NCH,CH,(CH,);CHj3), 1.53 (s, 2H, NCH,CH,(CH,);CH3), 3.07 (t, J=7.8
Hz, 2H, NCH.,) , 3.32 (t, J=7.8 Hz, 2H, NCH,), 4.20 (s, 2H, COCH,0),

4.38 (s, 2H, COCH,0).

Didecylcarbamoylmethoxyacetic acid

O NH(n-C1oH21)2, 1 eq Q
O/ QO NEts, 1 eq - O/_Z(OH
\_§ CH,Cl,, THF \_«N(n'C10H21)2
O  40°C,3h 5
97%
I \Y/

% 100 mL H 3¢ F] &g & B 4 » = 4 g L+ (diglycolic
anhydride, 1.912 g, 16.47 mmol, 1 equiv) ~ = % " ' (40.0mL) ~ = &
rkrm (15.0 mL) ~ = &+ % %% (didecylamine, 4.986 g, 16.75 mmol, 1
equiv) > 4t BF € v jicic g L 4r » = 2 ¥R (triethylamine, 2.50 mL, 17.9
mmol, 1.1 equiv) » % F it ji g > 1jb 45 40°C S 40 P A5 4H 4h
FE 0 10% BpLRB RS (ISmL)2 kB L vz 5 7= (10
mL) g3 = 5 @k & F T g KRR @;‘/ﬁ%i Tk 4%

8 kSRR TR A S 4 R 7133 g0 b r B B Y 5
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6.599 g+ A& % 97%- V: 'H-NMR (400 MHz, CDCls, §) : 0.85~0.89 (6H,
CHs), 1.25 (s, 28H, NCH,CH,(CH,);CHs), 1.53 (s, 4H,

NCH,CH,(CH,);CH;), 3.07 (t, J=7.8 Hz, 2H, NCH,) , 3.34 (t, J=7.8 Hz,

2H, NCH,),

4.20 (s, 2H, COCH,0), 4.38 (s, 2H, COCH,O).

Diglycolyl acid dichloride
@)

@)
SOCl,, 4 eq
/ LOH DMF, 1 drop O/ ’\CI
O R
\_(OH reflux overnight \_(CI
5 84% o)

I VI

10 mL ¥ 5g Fl &AL & A 40 » = 4 fg s (diglycolic acid,
2.047 g, 15.26 mmol, 1 equiv) ~ % ©* L/ (SOCl,, 4.33 mL, 4
equiv)>= 7 A 7 Agsi (DMF, | drop)> 25 F s i K B > 4o #use i 12~14
PP R R ek LA FREGFIAS 2208

A % 84% - VI: b.p.=40~43°C at 0.4 torr.

N,N,N,N-tetrahexyl diglycolamide (THDGA)

13



o NH(n-CgH13),, 2.2 €q Q
O/ ~Cl NEt3, 2 eq N n- C6H13)2
\_\(CI CH,Cl, \_(N(n CeH13)2
O rt, overnight
96%
VI VIl

% 50 mL sn[E]l A FL ) 4 » = & 2 ¥ (dihexylamine, 5.70 mL,
24.6 mmol, 2.2 equiv)~ = ¢ % (triethylamine, 3.15 mL, 22.6 mmol, 2.0
equiv) » = & "= (24.7mL) > x » B E WAL wRIET ERIF A
£ 4 VI(1.919¢g,11.22mmol, 1 equiv) » FH p 2R 3| 78 » 4
16~20 -] FF > 22 33 > wAEfeg 4R % 20mL RE L =X 0 K
Btz & 7% (10mL) seiie 5 =0 5 K & & o RaRpL g4
ko iRk HEE 1 6499 g kdr A P o FEd B AL AT 1 1 T1
¥¢ A4 5072g A% 96% - VII: 'H-NMR (400 MHz, CDCl;, ) :
0.84~0.88 (12H, CH3), 1.26 (s, 24H, NCH,CH,(CH,);CH3;), 1.51 (s, 8H,
NCH,CH,(CH,;);CH3;), 3.17 (t, J=7.6 Hz, 4H, NCH,) , 3.28 (t, J=7.6 Hz,

4H, NCH,), 4.25 (s, 4H, COCH,0).

N,N,N,N-tetraoctyl diglycolamide (TODGA)

o NH(n-CgH17),, 2.2 €q [(
O/—Z@m NEt;, 2 eq N(n-CgH17)2
\ _CI CH2C|2 \ \/N(n C8H17)2
o rt, overnight 0
94%

14



VI VIl

% 50 mL eR[f] K FL PR 4e > = & ¥ 5% (dioctylamine, 7.80 mL,
25.8 mmol, 2.0 equiv)~ = ¢ %= (triethylamine, 4.00 mL, 28.7 mmol, 2.2
equiv) ~ = & T % (28.0mL) 5 3k r BT RHE T hokiB T S ME 4
& ¥ VI(2.200 g, 12.87 mmol, 1 equiv) » FH p Aw 3| 58 » 4
16~20 | F& > 2 b 3835 > i dpqfrd 4kiA i 20 mL R 1 = 0 oK
B & T (10mL) B S = o f B & F LR RER A S
ko iRk HEiS F 8481 g b ke A 4 %%é BALE AT E DR
W4 AP 6990g &% 94% - VIII: 'H-NMR (400 MHz, CDCL, 5) :
0.85~0.89 (12H, CH;), 1.27 (s, 40H, NCH,CH,(CH,);CHs), 1.53 (s, 8H,
NCH,CH,(CH,);CHs), 3.19 (t, J=8.0 Hz, 4H, NCH,) , 3.30 (t, J=8.0 Hz,

4H, NCH,), 4.25 (s, 4H, COCH,0).

N,N,N,N-tetradecyl diglycolamide (TDDGA)

0] O
/l NH(n-C1oH21)2, 2.2 €q /_ZL

S Cl NEt;, 2 eq - g N(n-C1oH21)2
O

Cl CH,Cl, \_« N(n-C1oH21)2
rt, overnight O
97%
VI IX

15



7 50 mL 0 [F] K Fg P 4 » = & % ¥ (didecylamine, 6.616 g,
22.23 mmol, 2 equiv) ~ = ¢ %= (triethylamine, 3.41 mL, 24.5 mmol, 2.2
equiv) » = % "% (23.0mL) > 2 r B R AET ks T BB A it
£ 4 VI(1.902 g, 11.12mmol, 1 equiv) » FH p 2Rw 3| 78 » 4
16~20 /] p% > B 0k 3§42 > AR frg 48K R 20 mL seiiE 1 =X 0 ok
B Lo F 7 (10mL) ki S = > § 8 & B R ke e
ko gk RIS F 8.841 gid ko A 4 o Frd gL AT W I
¥¢ A% 7460g A% 97% o IX: "H-NMR (400 MHz, CDCls, 3) :
0.84~0.87 (12H, CH3;), 1.24 (s, 56H, NCH,CH,(CH,);CHj3), 1.49 (s, 8H,
NCH,CH,(CH,);CHs), 3.15 (t, J=8.0 Hz, 4H, NCH,) , 3.27 (t, J=8.0 Hz,

4H, NCH,), 4.29 (s, 4H, COCH,0).

S KEREC-F P HAERSLERT RN
(-) =F “PHPLBAHF

3-aminopropyltrimethoxysilane, 3.0 mL —O_
OH propy y , O—/S|/\/\NH2
toluene, 6.0 mL, refluex, 12 h O

X Xl

i# * silica gel 60 (Merck)* &3 -k @ 342/ pF » 2 ",/TT AR E
B o #esilicailB g 6 B E 5 T Mgz o B3.05usilica® >t 50mLE §EHEgY o

/2~ ? ¥ (toluene, 25mL) £ /i »3-'=p = 7 § @iz

o~

(3-aminopropyltrimethoxysilane, 3.0 mL) » 4c #u3® /24| pF (& w 3

16



B WEigts®* 99% ¢ fig (ethanol) #-iF % 73-7=p = ¥ & A=

2R EE 2 TISCRA WRASFXIZS g i AURS ke

NEt;, CH,Cl,, rt, 12 hr
3.0¢9

(@] (@]
‘O Sl/\/\NHz CI)J\/ \)J\N(CSHH)Z HJ\/O\)J\N(CBHU)z
3649

XI XII
P~— 50mL ¥ §g#g % ~ 3.0 g Silica-propylamine matrix 4 » =

% 7% 10mL ;3 » = ¢ "= 4c » Dioctylcarbamoylmethoxyaceticyl
chloride %8 F 5 12 /] F¥ » il is # % = & 7 %448 5 e
Dioctylcarbamoylmethoxyacetic acid 2 K,% 5 h 75°C T ERr o B A

F XI13.6 g H = I L 4oB -

-0.01 0.00

-0.02

o
(=1
7 OH group CH & CH, strech
3
' Black line Q_OH
8
® Red lin o
o Q\O-,Si’\/‘NHQ
)
3
D. T T T T

T
3500 3000 2500 2000 1500
Wavenumber cm-1

Bl ~-F P BaFnieL L RRd L R
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997 998 999 1000
I I | |

Transmittance [%)]

99 6
I

sp2-CH strech

995
I

99 4
I

3500 3000 2500 2000 1500
Waven mbear cm-1

Bl- ~-F " PHPEEFERERD 2 D RIRF L IVR
(2)4F & Hi 2 & B wipld
e -2fé B3+ ERFARESR

B-Co(NO,) - 6H,024 g~ CsNO; 7 g ~ St(NO3), 12 g i3 %+ 3 #t-k
1000 ml # > gt &3k B 5 5000 ppme B~ it Bk 20ml * 2 #
FokfF@EL 100ml k& 5 1000 ppm
Bt R e %

A E[Bfe % 0 1000 ppm BT AR & 15 ml 0 ko gLIgHg
A~B~C-D~E~F> #A 4~ 02+04~08g = & H i # &
2 Rdez F 1R MR R S A 0 12 100 pm 83 R 16
JE s iBRTSIET & BIRRAAT

ICP & AA &~ {5548
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%’%E’ B g i o M iR B FA b Ard 2 e 1000
ppm &% Rk 2 PR FRI00% i~ ICP &2 AA 27 A4 R
2SI R AT R FILE O e R R R I
ERB R R Acd - o AT T § L MR A Bk P R
MANAFE R BT A LA AR EHRLY T E &Rt 4 o KA
EHE B R B J PRI APTE o L S Rk

WL o KREA T o & HEE & BAES Gk § sk Y -

Lo A EHE 2 & Bl

ICP & +7 (ppm) |Cs ICo Sr
ER R 1010.0 085.5 783.5
= F A
0.2g 956.9 869.0 752.0
0.49 945.6 865.0 751.0
0.8¢g 940.3 852.0 738.0
g &
029 085.7 [559.5 786.0
049 971.5 467.7 749.0
089 017.4 369.6 398.5
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FARFRERH

AR F e & e N N,N’, N -tetraoctyl-3-oxapentane-1,5-diamide
(TODGA) =# 5%4 Dioctylcarbamoylmethoxyacetic acid # #-H 4 %
NHFEBRBY O ZAPT WL ARE R DE A

- ~ TODGA i 5l i & 4 ¢t &

t TODGA i 7|1 & 4o chs & 3 38 -2 4 Fpe sk & 5 = 4

A% fix ir(diglycolic anhydride) » A3 F - B = &> L 85 - B
BAfE o BR B BORF s AP IE AR e eh
fo > Bt ELBUER AP PRT L o

By -me A Wap Mo dmpn-k+ - 4BEF- aE
# 8 ¢ K’/f TAvr C RREFE C HEERF Rk R E A0 BE
951 3 | (initiating agent) > F %k 4~ #f 4_i& * ¢ fE % (acetyl chloride)
A ER S AFTENTI% B AL L PERY £€F %
FREFE ok BB B M R {8 ke I Bipk (phosphorous
wﬁf“%ﬁljﬂ%%@ﬁgmﬁﬁﬂ:wmé$?§?BMML}°

T B ERE A BRI R B bR FRE R 4
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