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The extraction-spectrophotometric determination of manganese(II) was studied using
tetrasodium calix[4]arene-p-sulfonate (Nasls) and trioctylmethylammonium chloride
(TMA*CI") in chloroform. Manganese(II) forms a reddish-purple 1 : 1 complex with
Na4l4 in an alkaline aqueous solution ; the complex is quantitatively extracted into chloro-
form from the aqueous solution. By using a tenth part of chloroform in volume, man-
ganese (II) was concentrated in the chloroform phase and its absorbance was measured at
510 nm in a 1 cm light-pass length cell. The apparent molar absorptivity at' 510 nm was
found to be 8.46 X 10* M™! cm™' per aqueous concentration of manganese(Il). The
sensitivity increased by about ten times, and the detection limit of manganese (II) was 6.5
ppb. Cerium (Ill)caused too positive error by forming a colored extractable complex,
chromium (III) caused too negative error; however, most of the other foreign metal ions
did not interfere with the determination of manganese(II). This method was successful-
ly applied to the determination of manganese(II) extracted with 5 X 10™* M sulfuric acid
from soil samples. '

Keywords : extraction-spectrophotometric determination of manganese(II); tetrasodium
calix [4] arene-p-sulfonate; water soluble calixarene; trioctylmethylammoni-
um chloride.
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Fig. 1 Tetrasodium  calix[4]arene-p-sulfonate

(Nasly) and trioctylmethylammonium chloride
(TMA'CI)
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720 ey HVAD) BTAMAVETFIC Y AV) K
B LS Nagly & 1: 184K, Mn"™-1,"" 2B%K LkEke
BT L. BOBEILpHOMAL EHICKELAY,
pH10.4~11.3 THRRIZET 5. I OFEEEDOWIUEK
BEEZ 495 am IZHY, A 0D #7720V
FAREIL 919X 10°M ' em ™ TH B, < HF AN D
ERABETHILREITEY L0, zas @) kRO
() o 3HEZTT, WO CRREICEATY S,

Loz bdhd Ny, s~y 7y Q) oWt
SEEREEE, ERLVRENLRTELLTHLATY
NS DW= A Y BEYI YV IENICEHEKETH D,
NEREETHALFVATIVIEF T AEYE LB L7
HRFA A OREIVNS CGRIEDE V. LA LI
THRIX 0.1 ppm THY, MTARRLMIKEZEIZEETNS
Wi~ %y () OEESNICE R BERERLETH
S/ BBy OWEREEEEE LT
I hA N7 =R BV DERMGIE D B D,
B RIERIT ) O TERICEKFMZ ET 2 D0K A
Thhb.

HE O IEREARMERO 1, SN A F AT
V7 YEZT LA (A7) a—1, TMA'Cl) &4 4V
EAEREHEL, ZoukLaHICERNICHBE NS
ZeRRWZLEY. ZommasAmiEEE LT TMA
BT EFDANK VBEHTAF Y EELEDOT
HY, EERAFVICERMEEZET S 1) OKBEINEZ
EAEFDTIDOH TR TWAS, #oT, 1Y 38R
AF VWL LR THH IS Z L FHEESNS
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NBHZ &R ERICHERELIRE LY.
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Nagls &, AHAEETERDODE K- X5 ) — )V
REBE»S 1 HEHES L THY ., BEFYr—%
— TR L 72 Nagly - 10H.0 @ 5.06 g & 500 ml DK
WML, 0.01 M O Nagl, AR L7-.

TMA'CL &, FALZIET#RObOEZ0T EH
W7z, 0.8 MIBHRIZZ TR ARV A 100 ml IS 15.6 g &
fEL, 0.05M EWIEZ B ak)L A 200ml IS 5.20 g &
L, ML MoRED TMA'CL B, 0.3M
WA 7O RV A TEESRRL THW 7.

10.0 ppm < ¥ 7 > (1) 1, 1000 ppm (Factor = 1.00)
DFEFWSEo AT R (RDMER) os5ml% 1M
R 5 ml & FRITK 500 ml AR L CRRE L 72, o
Eo= oy ) B2 SEAR LR L.

HIEAF e LT LSRR A 4+ g, A3
HOEAIE S U < ISANIERIE 2 FV T 0.01 M KB %
BB, EDTATEEE X DVEEE L BIEMICHIRL
T 10 ppm D/KEW & LTHA L 72,

2.2 & &

AR AR MV R OBOLEL, BES7LVE— L4
IR UV-180 & %\ ik UV-160 2 FH\ T 0.5 cm &
S lem AL VR THIZELZ. pH OWEE,
YBT3 P21 B pH A — % — 2 W T4 - 72, ICP
BHGHSH (ICP-AES) 121%, A4 a— & IL¥H
SPS-1200VR % F\v 7.

2:3 TrHI(I) OHIHEAE

50 ml DE LGB VA Y (1D & Nads DESK
B 15 ml BB L, ZThICTMA'CL @7 ok iva
B 15 ml 2L, 5 400 A k0 — 2T 10 7 Ek
DRI L7z, 2000 rpm T 3 4RO BEL 725,
KMo pH Ex 7y (D) BE (M1, &L
7z, 7 aaAR IV A 10 ml & B0 50 ml O BEE 125
BL, 2 MIERR 10 ml 2300 L7217, 484 400 A b o —
7 C 30 R D R L. 2000 rpm T 3 43
BODEEL 728, KMTPOEE A+ ViklE % ICP-AES
BIZXDMEL, AMEBo~ Y F ViEE (MY,
BRD . Moo &0 YA Y (1) DA R E
(IMn*" 1) 2V, XRIbh<rFy ) oMb
(%E) %EM L7 '
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%E = (’[an]o, e/ [Mn2+]xv,i) x 100

2:4 TEEBRIE

25ug TOR YAV AD) ZELHEWHEL 50 ml X A
7T AR, I 0.01 M Nagds W 2 ml, R\
TIMT7 Y EZTHK4ml ZMMZ pH 11 IHEL 2%,
FEMEE CARTHMT 5. 20 7 HIBIESR Z OE M 40 ml
B EOOEBEE ICRET A, SHIZ 0.0 MTMACL 7 1
TRV LB 4ml ZRML, #2400 2 b —27T10
SRR 0 BAERE S A, KT 2000 rpm T $ 45 &4
SHWEITOME DTS, CORETELRSL TN
FNVAHO 510 nm X BIFHWEE %L, RIERHBW
(GREHRZ & E 2V ERRICRE L 72Kkl el 217 -
Zezankv A EMEBICHVIES .

2.5 TEHPSBHTDIYH(N) OEE

HoALDH 105T T 24 BRimMEEEE % L7213 1.00
g ZRILL, 5.00 % 107> M AREE 200 ml Z ML 72, &
BT CHARVBERIS 24 BEUSETT- 28, L
BAEEZPREHCTHRFBLZ:., COBETHELN
72iFH 40 ml 2 AR E LTH, 24 OFEICE Y =
YA DEEEIT 7.

3 R ELER

31 BRINAXRY ML

Fig. 2 @ & Mn"- 1" $5AKBBOWINA <2 b
VTHH, @13 O OKERI5ml % 0.01 M D TMA"
Clra&t 7ok 1I5ml THHB L2 2o dv L
HOWINANRY MV TH S, FRBICIERIE AR %
w7z, KO pH T Y E=T7RERMLT 11012
FHLTHD, ZopHMETHMBHEDZEAEEMLE
Poiz. X, HBBOKEOBRE= > H (1) BED
BEMEPSEET 2 E, =0 H (1) OMHEIL 995
% PD.ETHYERMCZau s a g shTw
2. @ ORPUBKEEIL 495 nm T, ZOERICBIT
BRUH VD) Y4700 OFEMERBREIE 9.01 X 10° M7
cm ' THDH. @ OWPHBKERE510nm T, oo
RIVAHO= Yy QD) BEICHED ENVIRBREE
846 xX10°M 'em ' THB. fto Ty B UKV AFOR
AT bV & EVBSBRBUI KRR O EN S LIZE A
ERLTHY, 7auFIVAFO M -1, RO FEAR
I KMHPERBTHLEEZONS. 5B, Nal,
& TMAT CI 3510 nm TR H & L EBEEWT, HE
ZZRBEE 0 TH S, oT, PAES10nm 2R 7 1
TRV AMOGHEEE L.

i, BH, A3, §H Nabk & TMA' G 2Hwa< v # Yy (1) obsEE R 855
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Fig. 2 Absorption spectra of Mn" — 1,'” complex
in the aqueous (D and organic phases @

Mn"],,; = 8.16 X 10> M, [Naglslw; = 1.0 X 107> M,
volume of HoO = 15 ml, [TMA"Cl ]s; = 0.010 M,
volume of CHCIs; = 15 ml, light-path length = 1 c¢m,
reference solution = reagent blank
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Fig. 3 Effect of pH on the absorbance of Mn" —
1.5 complex in the aqueous phase

Mn"J, ;= 2.06 X 107* M, [Naslsly.i=1.05%x10°
M, light-path length = 0.5 cm, reference solution =
water

3+2 pH D

Nads &2 272 (1) BEKBBOFEBEKITIS
WG & pH OBRE Fig. 31K L7z, pH OFEILE
BRI OVKERAE S MY D A OFIMC & V1T 72, Fig. 81
ERIEECII R @A AT, T ) Il cERT
HIZERRLTVA. 495 nm 2BV AWOGLEE pH 9.5
HEPLEBMICKELS 2D, pH10.3 P ETHRKAD—
EDEEZRD. THIZLRHRE LEREEEALHEL
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Fig. 4 Effect of pH on the extraction of man-
ganese (II) at about 25C

[Mn"],.; = 2.06 X 10" M, [Naglsly;= 1.05 %1077
M, volume of HyO = 15 ml, [TMA+C17],,,i =998 X
10™° M, volume of CHCls = 15 mL

Thb.

—7, Fig. 4 & NaJd, &~ ¥ # ¥ (1) RAKEHE 15
ml ZFEMERED TMA™ CIT ® 7 aa b LB Tt L
lelE&o< Ay (0D OMBREREZRLTWSE, w0
v (ID) O pH b LT oA CiEE s 53 pH
BEMBIE - TWwab, Thid MnV- 1" SR AR
COPH B HOIEEL I L ERBL TV L DL A
bbb, ZOHpHOERE L BT A Y A1) Ol
HEFEKRELARY, pH 10 L ETERMICHEB ST
. ZOME-pH MR Fig. 3 1R L722OBE - pH
HE SN a2 e o (O QRS (W E - XN E 1 i
VAR DSERIREEANRA 5 7250, SPHEHIEE AR
BN 7 b B2 Ebhs. CORKRITGT &
EITT 23R AOTEHETIEIR DT, UTFARETE
TYESTARERMLUT pH % 11 ICHREB LB %2475
7z,

3.3 HHSEEOER

SR ORI % EVILEIC L DA L7, Fig 5
roaRvapici sy oAt ro1t
BEAGER AR, v A4y oMB=EE, v v h
YD & 1Y OHSAAENEN 1 OHICHY £ AT
MEEZELTBY, KA KFOr T A4 0L
1Y OBEAIIZ1: 1 THEI ERGrE. ZhidT Y
HrA) k1 OKMFCOBARERTTH B,
Fig. 6 12 Mn'"-1,*" k& TMA"Cl™ DOMBL % MET L
SREREPRT. YAV AN OHBER TMAY/1LT A
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Fig. 5 Determination of binding ratio of man-
ganese (II) to 1,4 by the extraction-mole ratio
method

[Mn"].,; = 2.04 X 10”* M, volume of HyO = 15 ml,
pH = 11.0, [TMA"Cl ],.; = 0.010 M, volume of
CHCl; = 15 ml '

Mn2+ extracted / wmol
w
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Fig. 6 Determination of binding ratio of TMA"
Cl” to Mn" = 1" complex by the extraction-mole
ratio method

[Mn"]y.i = 2.04 X 10™* M, [Nagls]w; = 3.20 x 107
M, volume of HoO = 15 ml, pH = 11.0, volume of
CHCls = 15 ml

3 1L B AU BN LB VA 5 445 (225 R AT
biah, BLVERSUETH< T AD OHMBEIL
AR 2R RMICIZ 1L othEr —%T 5
BTl o7z, ZORFEE M- 1" k1 4TI
55 F D TMA® 2EE L CTHIHERTWwb 2 &R LT
W3, o THIHESAEOMBIE MY 1,47 TMAT =
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Ww X W, BEH, A3, FH: Nalk & TMA"' QU Z2HWVWb=< 4y (1) OB EEREEE 857
1:1:5ThHarLEZLNS. 1.0
kv A () OSERRIEE pH MERIC X £
D MR LARRICE B L, LY ik 2 AR S 08y
HoL' Th Y, ZOWHAEL A pH>5 T o
= 0.6
(0]
L8+ Mn?" + 1/20, — {Mn"OLH-,}"  + H" e 0.4
m -
2
DRISIZ X )t~ > 7Y (IV) kR ERT 5, &w 202}t
5%%%%Twﬁ>;ﬂmh“®7/ﬁ/#%®** <
N N P e 0 1 1
ERELDO—EO MEERA + VEROEEREL Y LR 0 0.1 0.2 0.3
FlTRKENWE <‘:, BEFTEHFBIIRIDIIL VT L,

_iﬁﬁ%ﬂmﬁbm:; DEEBICEATEI LR ELLDX
BEhb., COAMDOEA + VK25 5T O TMA®
& =R (MnOLH-" ) (TMA™); # 4R L, 7Btk
VAKICHIIBE N TwWAbDEE2 515, ft-oTHY
RBEo >y AD) THEHN, L' D11 HERER
WX TIE MaY-14 KT 5.

3.4 HHBEEOZE

510 nm BT 5 7 1 1 kv AHOWIGE IZES 400
Aba—7OEETH SRR BEHBEZTI LT
BRI Y, DBKRE L2&K 30 50HMoWR) BET—
FEOMEEIY Mn"™- 1, $AROHHIZHERPITEI S Z
EWGH otz BEo TARWFZE TIEH L % 45 400 2 b
o2 T10 55 2 i L.

35 Nal, BEDOHE

W0ppm DX YA ¥ (1) W 3ml % 50ml XA A7 5
ZIZHY, THIZE5X100*MHBHVIE0.01MD
NaJ B OFTER*RmM L%, eMT7VyEZTK4
ml ZHEMLTHRB ST, BRI TREMAERICL
72%%, 495 nm biz‘o‘ba‘%lﬁy‘uﬁﬁ 5em V& VKR
WEIC UTHIE L7z, M- 144 $EAOKIB IO TG X
Nasl BEEDS 4.7 X 107° M ([Nagl ]/[% ¥ ¥ (D] =
4.3) UETHRADPDOD—EDHEEM 72, T E ) ARE
T2 0.01 M Nagl B 2ml Z%M L, [Nasls] = 4.0 ¥
107 M L ED 7.

36 TMA' CI BEDOHE

10 ppm O ¥ 7% ¥ (II) ¥ 15 ml % 250 ml X A7
A ICERL, Z7IZ10ml ® 0.01 M Nagd, &%,
RAT2MT Y EZTK20ml ZHML pH % 11.0 (2
P28, KTEMBRETHRLZ., ZOBH40ml &
HOSHEEICIRY, e ORED TMA'CE 7 ki
LB 4ml M UCHTED HETHIBL, Bohizs

[TMA*CIo i /M

Fig. 7 Effect of TMA'CI™ concentration on the
absorbance of chloroform phase at 510 nm

[Mn"1,,; = 0.600 ppm, [Naslsl,, = 4.0 X 107* M,
pH = 11.0, volume of HsO = 40 ml, volume of
CHCl; = 4 ml, light-path length = 1 cm, reference =
CHCIs

o IRV AMOBIEE % 510 nm THE L7z, BHEED
TMA'CI™ BRI X 521 % Fig. 71Z/R L7z, TMA™
Cl A 0.15 M, Nad4 26 L 87.5 EMEIAET 5 5
FTWREE—EEER -7z, 2L TMACL B
VB RBEET LA, i 1L, e LT TMA®
A3 Mn'" & BSFBRICDH ) BRI O TMATCL PEET
%L, sk o M 25— ERREE LRI S B 72
WREEEZLENL, IREDERETIITMACE BEL
0.05 M (TMA'Cl /Nagl, = 125 EILRE) LED 7.

37 RER

1.00 ppm ¥ ¥ 77 ¥ (II) ¥ D 1~ 30 ml % 50 ml X
ATSAIZERY, ZN5I20.01 M Nagl, 2 ml 2300
Lz, M7 Y EZTK4ml Z2HML, ROTKT
EHEELZZ., 20 40ml % 2-4 OFAEICHE 0.06 M D
TMA' CI” 7 00k ABK 4 ml CHB L, zoak
wMB@slonmb:ﬁbf%%ﬁj‘ér‘?%m%w’ Z DA
LD ESNBERIZE, vy (D) 2 0.50 ppm
(25 ug/50 ml) 0)7}% FYCIERBICE 2 @AHME 2o
7. COEBOBELT I YAD) DMERRIEEDS
BHLZABIO< 70D %720 o VBIERE
2846 X 10°M 'em ' THo . TOEIE MnV-1,4
FERKBHOWLE R WET 5 HE (9.01 x10°M™!
cn™) DIAREDRETH o7z, THITEMEEE 1012

—HLTw5
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Table 1 Effect of foreign metal ions on the deter- Table 2 Determination of manganese (II) extract-
mination of manganese(II) by Nagly — ed into 200 ml of 5.0 X 10" *M H,SO4
TMA'Cl extraction method from 1.00 g of soil samples”
Foreign Added/ Mn"found/ Error, Manganese (1I) found, ppm
ion ug ug %, Sample
Proposed method  ICP-AES method
Mg" 50.0 20.0 0 o
Cal 50.0 19.7 —150 A) 0.211 0.213
g 50.0 920.1 +0.50 B 0.118 0.122
Balz 50.0 19.9 —0.50 a) manganese (II) was extracted with 200 ml of 5.0 X
Al 51.5 19.6 —2.00 107" M H,SO, at a room temperture for 24 h from
T 50.0 19.7 —1.50 i i i
lm . . . 1.00 g of soil samples. The soil samples were dried
Cr 52.5 4.85 —75.7 beforehand at 105 for 24 h. b) obtained from a
z 21.0 5.80 =710 surface of the forest at Kumamoto-shi. ¢) obtained
z 10.5 6.82 —65.9 from a surface of the farm field at Tamana-gun
Fe 53.0 19.7 -1.50
Co" 50.0 20.3 +1.50
Ni” 50.0 19.8 -1.00 ,
Cu" 52.5 20.0 0 3.9 EFRBPOTH (D) OER
La" 52.5 19.6 —2.00 R 4 v H
y : 9. : 9+5 DIAEIZ L D LHA B S 7w ¥4 ¥ (1)
Ce 48.8 26.3 +31.5 . . e I
, 19.5 91.6 +8.00 72042 XDEREL, HEOZOIT o7z ICP-AES HIZ
” 9.75 20.0 0 LB~y () OREEHMRE T Table 2 1R L 72
Mn'" = 20.0 ug MOATRERIBH ISR —BLTBY, RES< >
(I ERELLTHWEL) 2bDTHEI LHEN5.
b=y (D) & Nady DBUBIC &0 BT %0
3-8 HEAFOHE Btk %, KM 10550 1 OFEEO TMA' G O 2

Mn"-Nas 14 SEERABROBICE 2 BN ET 2~ v
# (D) OREREEREII T BIREFEL, v
WA DEBREFHETLZLEZLYAMD, F 0
A0 KROET) @ 3EZTTHD). TNS5DER
AF YD) S, REFTTHIBESNEDEEY 7 410D
DHRTHBY. toT, KM ALEERE TOWETR
U A ZTHEEERLNLY, Fiend
A4 Y 50 ug BAFT B 20 pug O ¥ H > (1) DE
BE 24 OBMEICL DTV, SHRER%E Table 112K
L7z, KBEOBEHENEEICBWTHE L 2WEE A F+
VIEHEEICBOTORBRICHEL W L8350 5.
X, ) HWEL WD, ZAEAREIC L DD
DB EN WD THLERbLA. LML, RIEC
Tl ENEE) A MD FFORBICIBIEDR
EEHEZTWE, M, 7us ) EREEEZVW S
INEL o TV BD, KBROEHENEEOSE &
CEOEERE 25, ThIE, <AV OBALE
S Nagly & OFBEEOERE 7 1 LA QD) ASHET
Lzl #EZbNA, itoT, FBKITEY ¥ A Q0
RO 7 as (D) DHETAEGIIEREICBWTLF
F T YEBIEER RN, BA A RIS T A A AT
WHLDPLOINSDA F Vv RBRFIITLLEND L.

OOV ARSI L, O R e T A v
A () OWMBEEEREOERFENSLMEEHS ML
7o. REDOERETRIZ65ppb THY, ¥TH A MY
— Y EHCDEMAOIEICERT 2 IZEERETDH
A, X, EAF oD kYT A@MD 2
BRon, BRELCBVWTHENRLTWEDOT, KiEL
Mn"-1,"" AR A EHEPOLENE T 2 Ewik & &
B, B TUAVIBEHEBM T~ Y7 (D %Ik
MEICERTE .
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= B

EROFTHY vy A[4]T V= Yp-ANARYEEF MY T A (Naly) CHALNUFZFVRAFNT ¥
oA (TMATCQL) ZRVAT YA YD) OMEREEREOEBIME2To72. <A ¥ 1D
BT VA ) KERR T YA Y AV) B 1E 1 T EME, M1 R LR R ST 5.
ZOFRMEEE KD 10 5D 1 OFEED TMATCL” @27 17 1RV A B CHEME L 510 nm TIRIGE
BRIE L2, ZOWRBICBIT S RENTOEVESHREIE AR O~ A Y 1) %72 8.46 X 10° M
cm Y Thot. HMHBBEEAMZIAIEICLV YA Y QD) OSFEER Mn™-1," SAKER T B
WsET 2 EBFEICHAR 10BICEL ko, X, &) OB BRETEZ2EEREOMELZ.
KE % BB OME~ Y v (D) OSHIIEHE L TRIFRERZR.
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