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SUMMARY 

Sodium and potassium ions were spectrophotometrically determined by a 

solvent extraction/flow injection method incorporated with a silica-gel 

column and an anion exchanger membrane tubing. The ion association comple- 

xes which formed between alkali metal-crown ether' complexes and an anionic 

dye were extracted into an organic phase, and the absorbance of the orga- 

nic phase was measured after the phase separation by a phase separator 

with poly(tetraf1uoro-ethylene) porous membrane. The manifold composed of 

two streams, which were an extraction solvent stream and an eluent stream 

with a sample injector, the silica-gel column and an anion exchanger 

membrane tubing. The eluent contained 5X104f l  lithium acetate and 2.5 

X10"3!! 18-crown-6(18C6). The extraction solventCa (1+1) mixture of benze- 

ne and chlorobenzene) containing 3XlO'-'M T B P E * H  and 2XlO-^H dicyclo- 

hexano-24-crown-8(DC24C8). Sodium and potassium ions were separated on a 

silica-gel column(1mm i.d.X 20cm; 100-200 mesh silica-gel), and then the 

stream became alkal ine(pH 10) by going through the anion exchanger memb- 

rane tubing.The absorbance of the organic phase is measured at 615nm. 

Calibration graphs are linear in the ranges 0 - 5X10"4M sodium and 0 - 1 
X10"4M potassium. The sample through-put is 12 h l .  The procedure was 

applicable to river and tap water samples. 





Fig.1 Flow diagrams for the deter- 
mination of Na+ and K+. 

P, PI, ~2:double-plunge'r micro pumps; 
, S:s~mple. injection ( 1 0 0 ~  1); Si-C: 

# z - j C  kt1mUlDionex CFSl-2@R b l ,  

silica-gel column(Wakoge1 C-200,lmm 
O.lMLiOH%$#t K $2 L T H k i  2 .  i. d. X 2Ocm) ; Seg: segmentor; EC: 

extract ion coi l(O.5mm i. d. X 2m) ; PS: 
phase separator; Rzrecorder; D: 
detector; VlpV2:needle valves; Aq.W: 
aqueous phase waste; Org. W: organic 

9 ' 9 2 x - F ' b 4 L e B a w g  phasewaste; CS:carrier solution(H20) 
PietrzykG kt 9 9 h!flbA 7 L @ H P L C  ; ES:eluent solution(crown ether 

~ = $ ~ ~ ~ r & ~ ~ $ ~ ~ % @ ~ f i T f i  compoundtCH3COOLi); AS:alkaline 

1 1 ~ 1 2 ) . ~ ' b h l J & E 4 # 2 L % L T i 2  s~lution(lO-~M LiOH); 0S:extracton 
solvent(chlorobenzene+benzene=l~l; 

@ @ @  ' @ @  @ h3 TBPE HtDC24C8) ; I. Ex :anion exchang- 
Z 2 1: k bJ Na+2 K'D %i& i: L T b \  er membrane tubing(1m) kept in 0,lM 

& . % 2 E % T i 2 @ E % t = 9 5 9 2 = -  LiOH- 

Flb!L&&@Bl8C6e*OBB9 ?9-L7Kt#%%EMT& Z k c &  Y,RBfirhE& 



-9Y < 7 K K # i T ~ ? P b ~ 1 8 C 6 & R H  F i g . 2  E f f e c t  o f  crown e t h e r  compound on . 
- -- - . - - 

peak  he-i-ght, - 3-4 Z - k  k L*. - 

Flow sys tem: F i g ,  1 ( a )  ; Na+: 1 X 10-3M; %@% * a 1 8 C 6 a B ~ a & E ? ?  
K + : l X  10-4M; C H S C O O L ~ ; ~ X  10-3M; TBPE H: p ig .  l(c)a - 9~ ?hp f i r j  
3X10-4M; E x t r a c t i o n  s o l v e n t : c h l o r o b e n z -  

k , ~ E ~ J ~ F i g , 3 ~ L % T . l X 1 0 - 3  
e n e t b e n z e n e = l + l .  (a) E l u e n t :  5  X 10-3M 18C6 
tCH3COOLi; E ~ t r a c t a n t : 2 X l O - ~ M  DC24C8t M-2.5X 1 0 - 3 M 0 @ H T 1 8 C 6 m B  

TBPE H ( b ) E l u e n t : 5 X  10-3M B18C6t B?!?%llD L T b l <  k N a + , K + V - 9  
C H ~ C O O L ~ ;  ~ x t r a c t a n t :  2 X  10-4M DC24C8t 0 % # j ~ t & @ ~  & k. fi, ~a 
TBPE H ( c ) E l u e n t : 5 X  10-3M 18C6+CHgCOOLi 

fit ,., kJ gBEiL8! a k L i + O  
; E x t r a c t a n t :  TBPE H ( d ) E l u e n t :  5  X 10-3M 

Bl8C6tCH3COOLi; E x t r a c t a n t :  TBPE H. # I ~ I Y ~ E & ~ J I ~ Y ~ J Y ~ Q > F ! ~ ~ ~ X  

F i g . 3  E f f e c t  o f  amounts  of  18-crown-6(18C6) i n  a n  e l u e n t  on 
p e a k  shape .  

Flow s y s t e m : F i g . l ( c ) ;  Na+:5X10-4M; K+:lX10-4M; Eluen t :  
18C6+ 5 X  10-4M CH3COOLi. 18C6 (a l l .  OX 10-3M, ( b ) l .  5X10-sM, 
(c)2. OX 10-311, ( d ) 2 . 5 X  10-3M. 



I O - ~ M ~  m. 
~ ~ @ & ~ ~ D C 2 4 C 8 a # E i ~ ~  

b l  T $% 8 L k (Fig. 4). DC24C8m S 
E % # T t = 3 h T N a t f - Q i 3 B  

< a! bJ @Bi$kR3-25Afi%lit 3 x  

# K l f ? J 9 t f 9 9 Y  Frn@%BAY 
Fig.4 Effect  of amounts of Dicyclo- A 3  < &&.@27DC24C8OBE hexano-24-crown-8(DC24C8) in an ext r -  
ac tant  on peak shape. 4 3 2 x 1 0 - ~ ~ 2 ~ ~ ~ 2 .  

Flow system:Fig. 1 (c) ; Na+:5X 10-4M; 
Ki: 1 X lO-&M; Extractant:  DC24C8 t3 X 3.2 ~ V ? J ! ? ) ~ ? J ~ L A ~ ~ % H  

10-4M TBPE He DC24C8 ( a l l .  0 X 10-3Mp jjEh5LCEHLk9'lA 
(b12. OX 10-3M, ( ~ 1 3 ,  OX 10-3M. 

Y ) b l 3 * E & & F A  2F-9 3 

a B 2 2 % 5 A T b l 6 f i ~ * ? J 5 L  
Fige5 Effec t  of s i l i ca -ge l  column 
length on the peak shape. E 2 0 c r n O % ~ T ' t 3 & X b \ a  C- 

Flow system:Fig.l(c); Na+:5X10-4M; 9 4 3 & < B S L & h & b \ Z k $ z  
K+:l X 10-4M (allrum i e  d. X 10cm (b)lmm % A \ 9  k .@3T$%&Tkk20 
i. d. X 20cm Si 1 ica-gel: Wakogel C-200. c r n ? 2 E % T 2 5 Z k k L k .  



Fig. 6 -Peak shapes of -Fig9 7--Peak shapes of - - 2;- - - 

reagent blank and a reagent blank and a 2 G 1: h 7 A B B ~ ~ z  
sample by a three line sample by a two line 
system. system. 

* @ ? 2 7 ' J b h  'J&LT& 

Flow system:Fig. l(b) ; Flow system:Fig. l(c) ; 75 '9 aH%BB(lo-=M 

6 ~9lb3??*A3-+5RB 

: 
(a)Sample Na+:lX 10-3M; (a)Sample Na+:lX 10-3M; LiO~)%d%g@! !I 3 1) ? f11 

: K+:lX10-4M (b) reagent K+:lX10-4M (b) reagent ~ g - ~ ~ ~ # ~ - ~ g t ~ ~  
- - 

blank(disti1 led water), blank(disti 1 led water). = - y(n-ionex cFsl-2) 
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14 -. 
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Table 1 Absorbances obtained 0,lM LiOHK E! 2 d%T a tJ .@@?@#Dk34 

(Fig.l(b))%?&HL2, Z 

02iETi$BEBi~i!3@ 
* > 9 1 b % ? * . A 3 - 6 k ~  

i = t f 2 9 ~ b 9 - 2 ~ 0 #  

~ ~ ~ # B ~ - F ? J f ~  Z IJ , 
%%%!!HRB3?*A?r45 
L F T -  b k ~ ~ ~ a t f -  

for Na+ and K+ 
Absorbance 

# 2 (CH3COO-1 8 OH-T*?#T EJ & 3 C Zi! 7 

Flow system T b \ E J . F ~ - ~ B l m ~ % ~ ~ ~ ~ b \ & k ~  
R 4  % 2%@@?a-9%a@a*RapH 

> d  9 2 LT%!$~2(Fig,6 b). 

0 2 4 ~ m ~ - 9 ~ ~ i 4 3 % @  
Timelmin 28'LkNa+mE-9%jK& 

! J , Y % G m 4 2 r 2 a t f -  - 
9i%K%%!?!%?%ka#3 



g k . @ . & ~  L 2 k 3 ( ~ i ~ .  8). N ~ o " B % ~  tubing and an alkaline solu- 

) t i 9  ~5 9 9 FOl@%BAr**lzif#AL, 1 
tion on peak height and back- 
ground. 

4~%9~%?!<&!~)d-Z54 2 7 i r ! R S L & ? k \ .  Plow system:Fig. l(c) ; 

L i\ 6 % k sy & h 5 .  g 7 y 1~ exchanger membrane tubing(1m) 

~@$E4~LiOH%t'%MT& Z 2 k L2.LiOHOlB kept in 0.1M NaOH(lOOm1) (b) 
Anion exchanger membrane 

E & l M k O . l M O % a i = T  ~ 1 7 k E & & f L k f i r l M  tubing(2,,,) kept in 0 . 1 ~  

# ~ i Q O P l ~ % ~ ~ ~ ~ ~ & & @ g f i ~ ~ k . ~ 1 ~  Fig.9 Effect of mixing the 

9 ~ ~ J ~ ~ @ ~ ~ F i g , l O i ~ ~ ~ , N a + t ~ 5 ~ l O - ~ M  alkaline solution on peak 
shape. 

~ T , K + ~ ~ l X 1 0 - 4 M G T a E H T ~ - 9  plow system:Fig.l(c); saRple: 
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