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X, ZHOMENDHL. TORCHEEINIEZEA XL D
AIRALIC X AR EE, EMRERIGERZLE LTS
CBAENSVY. ZhSDBRA F L okesT, I, Bro,
Cl-, SCN-, $,04%~, SOz2~ 7t &ii%=—3%, 7%
by tA4 Ly, AL REDFVREEHELL, I0;,
BrO;=, NO3~ 72 EWx 7 b5 = WEE, a-+ 7 +— ol
R UT, MEFEERELTVDZENMLNTWSD., I
&EA A it onwTh, Cuzt, Fed+, Cr3+, Ni2+ 75l
DBBEFEA X L PHEIERERA LTV Y. EHO—
N BN E Y > &BEEEOT VIRHEZ R Lc&
&84 A L DT VHEENOBAELART LY. EE
LI Lo wiBBEEOR DL D L 5B CREER S
LLT, Faz=oalID-% Y 3 ik (B
WK 460 nm, 1 FVOEMEKIER 495 nm) Dot
HREEZFIRT 2 R EBEOBRET 2T, £ 20 @AOK
A>T, ANCERTLZENTELDOTHE
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* ML AMO s 570~ (BLIH)
kR R RMER R SR  KIRFRIRT 2R X%
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F-(NaF); Cl-(NaCl, KCl); Br-(NaBr, KBr);
I- (Nal, KI); 105~ (NalO;, KIOy); IO,- (NalO,);
BrO;- (KBrO,); ClO,- (NaClO,); ClOs- (NaClOy);
ClO,- (NaClO,, KCIO,); S2-(N2,S); S,042- (Na,S,-
0,); SO2- (Na,SO,); SOs2- (Na,S0Oy); SCN- (KSC-
N); POg2- (Na,HPO,, K,HPO,); NO,- (NaNOy);
NO,- (NaNO,); Fe(CN)gt~ {K,Fe(CN)g}; Fe(CN)gd-
{K3Fe(CN)g}; CGrO2- (KoCrOy); Cry0q2- (K,Cr04) ;
AsO,~ (NaAsO,); AsO, - (Na,HAsO,); SeO,2- (Na,-
SeO;); Se0,2- (NaySeO,-10 H,O); MoO,2- (NasMo-
0,-2H;0); WOg2- (Na,WO,-2H,0); VO3~ (Na,-
VO,-H,0); VO,~(NaVO;-4 H,0). LLE, wFhib
JIS kS ERAwvwi. 7A3I =29 A-FY iTuw K
EBEHRWICE s TRARLL. BIL7T AL I=vARTEY
vE& Smg & 309% EiEE 10ml Zi5» L, 989% =% /
—A 20ml Uk 0ml 22 C4L A 50ml &4 5.
FRELZRBAA VD /IR FART ATV —~LE.
Table | CifHEHhRET 2L r —XERET L — + Rk
HEETVEEKOT VAR EEERETRT L. WTh
Ll Ed 24 BRI EKETHH EB590 5.

2.2 TLC 7L — bRI PC Fif

3@EEo TLC ARAER (9 H»¥50, 7L, %
ne—~xX) Okhrrd, EELOEREMNITH b L
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Table 1 Fluorescence properties of aluminum BASL—F5. oz ) o oftbbiz IL
(I1I) -morin fluorescent complex e Fowe, I 3o QR L T RO II
e oy Pk Beight of RET (mm) VRN XX, &4 A L o THEILREIC X 5
x m (nm S .
0.5 1.5 3.0 45 24(h) FEELAETH- 7. RIBOFHRMT ) O BHED I,
Solution -t
AI(IIT)-morint 4607495 180 184 182 181 183
Morin 422/495 7 8 — — — 4 ﬁ*}%%“%{ FrDr < 7\‘3 74—
TLC platetft
AI(TIT)-morin 4217492 201 205 208 208 211 . .
Morin 4217492 s - - 8 4l Ay A4FY

t Each 5mg of AlCl; and morin dissolved in 10ml of 30% Ac-
OH, 20 ml of 98% EtOH and 20ml of H,O!5; 1t Merck
TLC glass plate cellulose

L, 2220 TLC #5327 v — b w -2 (8
S 5716, 5732) ZEIRL 7. PCAFRIRE I/ R <
r 574 — PC H{FE# No. 51A = FHuv 7z

2.3 &% @&

BwE*T TLC v —tEoT7A =Y A- Y VT
VWHEEER D T VR RO R ERORIEE, BTV
SINEFF 204 BRCLrOEB /v~ b/ T INBEE
PHAWVWCIT 7. PCORBICIEENEELED X -1
—7r= bt /S 7RBCSHBERA V. TLC k&7 ft
XxOAFKIVIMEGE S S ARBL S Tk, 7n
< V7 ALDBEAA Y ARy P OBBITE, HEBYF
o FvhBmER FI-3L B (AR 365 nm) % HF
Wwic. PC o R HEORIEREFHEELED N~ 3—7
Rt /574~ Re HAIE T A0 b2 A LK.

3 EB A B

3.1 TLC Ry PC

L@ BENE 1l §5, TERUMO MICRO SY-
RINGE MS-10 # i\, TLC YL — FOES (T
5 2cm) »5WiE PPC F#OFES (T 5 5cm)
ARy b L, B RECHE L BRIV
hd LR, EBEERET TLC, 10cm, PC, 20cm T
H5. EEEAA L DI/n<  NTF5T 4 —HHITIE, 4
EHEORBBESR, I 289 7o £=7/K-7& b -n-
T4~ (60:130:30, v/v); IL. 289% 7. =7
-7 b2 (2:3, v/v); III. oF x4 -7k (83:2,
v/v); IV. 7+ b -BEEE-7k (20:1:10, v/v) #H
Wiz, BEOKb 727 v < b7 ARSI Y B
BDHVRLEZISTT, {(100~110)°C, (3~5) 4} hn
B iR w17 /2.

32 FALIZUL-EY IFONEEICEIHBH
sa< b5 A8 EOEREA ARy bORRHIE, K
DXL TfTo7. L 21 TRABLAT VI =Y A=
TYURER, Juv b ANB—TEBXSITEY

Fig. | BRI Z2H VWAL ED a2 b5 A

BT FREA S VEERET TR (BITokA A

VOWTHFIL) W, FEAKR Y P E LTHERSRL.

HILB—AFDF PV IABHENEH YD LIETH
Bl LIRSk AR v & LT, BEEIESIZHFEL
TWb. NaZ o440 OENEHRIEIHRETH - /.

0 17
Nak @I'l SOI\ a’ 40
K¢l x ”O]\'“ @@l s
NI Ok T3 B
! X O” @Bl
NaBr x 140\;1" 60@“1' 77
Kl x Ok Q-

TLC of halogen ions

Solvent, 2896 NH;OH-acetone-n-butanol (60 : 130 : 30);
Detection, quenching spots at UVj65 with AI(IIT)-

morin

42 NOSUBRFERLAF Y

Fig. 2 W RBABH R I CH B2 T oo/ v b T A
iy, ClO,~, ClOy-, ClO,- OFF/ BN FFET
»5.

10,- & 10,- O Etx X <+ 57, iR I %
Buwieds, BV Re [EXEONEDHTHRIN LD - 72
(Table 2). 10;-, 10,-, BrO;- O F WL %6
T, BVWIEESRE AR LTS, —7, ClO,-, ClO,-,
ClO,- BHEET, HAEMRIF .

7 Na' 13
Nato, x Q) @1oa
K10, x;q:'f@}o‘.;
NalO, xﬁQ@m,' o
mmn%}w”%@Mmf
NaClO, x BC),\;'\‘ @(/1()‘_.—7 8
?\;.(il(),x7o,\;l' @D o
NaC10, x (ONa clo, @
KCl0, x7QK— BEPCIO,

Fig. 2 TLC of halogenooxyacid ions

Solvent and detection, same as in Fig. !
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Fig. 3 Iz SO2-, SO.z2-, St-, $,0.2-, SCN- D4t NaNO: x ONa* @
R AT, 4.2 LU 2MEE (I & T ok NaNOs X ONa* @Nos
BRIV 7zh3, SOz~ & 802~ 517k ;0427 D5k Nauib0, ) O

L —HPO,2
N S 2— N 2- e o EH ~ b

AT O b SO OIEKMRIBERS (R Fig. 5 TLC of nitrite, nitrite and phosphate ions
é), 5 & Szo:;z_ ®%hbiqjﬂg (E%é”'b‘jlt)’ Solvent and detection, same as in Fig. 1

SCN- 133wy (FfEIT V).

Na.S x:) @0
8.0 xD @s 052
NaySO, med S04
Na50; x N -
'D a.50,° 5
R5CN "D*\ @ sex-

Fig. 3 TLC of sulfur containing anions

Solvent and detection, same as in Fig. |
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Fig. 4 oy 7 2 gkit4 4 (ERBESE D RUI B
AEEA A (BEIEGEER 1) O EERETT. 7=
gy TFLAFL, T2V T o430 ORMERERIIC
BT 5 AR [HXFNFN 2, 32 T, BMEORLLIh
BA AL OIS ERTEETH 1. WERBHERILT

1, Cry0.2- 23 CrOg2- L3FERIC Ry [EE2 L BH T L
BB LB AS, PR 111 T Fig. 4, Table 212
FTESCHBEIRECHETS. ThbooA A4
B OB RITTE .
FelCNJ,!
f Z_38
K Fe(CN) ux:@OK‘
K3t e (CN)g xOK\ @h CNygs
K.CrQy r
0 xo @L 0,2 o8
K. uzoﬂ()K, QD Cr042

Fig. 4 TLC of cyanoferrates (II, III) and chro-

mates ions

Solvent, same as in Fig. | (cyanoferrates), dioxane-

water (3 : 2, chromates); Dectection, same as in Fig. |

45 FHWHMA L, BRIV ROUVBRATY
Fig.5 W EEHR I 2RV 3Bit o< b
535 NERT. REEFRTE NO,-, NO;- 4 + &
EMOSEIRFHTHEH, EHSIRTIRA AT
TRV (RE).

4.6 4V IRFUBATY, BEVIT/BATY,
NFESVRBAAY

Fig. 6 iz WO2-, MoOgz2- (BEIFHE 1) RO
VO,-, VO&- (BEEER 1) ZRVvicsrizTy.
WO2- + MoOg- 13uvidvit (HELEe) 22
L, VOs= & VOB~ iEsWiERshREZ R Lic (B .

VTR HEOSBIRTEETDH L.

Nay WO, dNa‘ ::\\'0.2-
Nay Moo,,@Nw @ Mo0,2-
NaVo; x:)Na’ @VQJ
Na3 VO, xD @\/0J

Na'

TLC of tungstate, molybdate, meta and
orthovanadates ions

Solvent, 289% NH,;OH-acetone (2:3, tungstate and
molybdate), dioxane-water (3:2, vanadates);  De-

tection, same as in Fig. |
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Fig. 7 BEIHER IV 2FV2 L&D AsO;7, As-
O, SeOg2-, SeO.2- i@z RT. REAEHEFR 11
B I TRWTFhoBRA A7 - 2R L,
LBA AL LD HEL RHFTH- 72 HEHRD 5
&, Bieire e >V TRITOAPE D 5.

AsO; GO\]d
As() 8 q ONJ*
INags‘.-o.q Se0;? @ 56( O Na*
INagSe(hx Se0,2 @30 56 (O Na~

NaAsO- X
Na;HAsO4x

TLC of arsenite, arsenate, selenite and
selenate ions

Fig. 7

Solvent, acetone-acetic acid-water (20:1:10); De-

tection, same as in Fig. 1
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Table 2 R¢x100(hR¢) values of inorganic anions in various systems and their detection

hR¢ value of anion®’

Fluorescent color® Visualisation

Anion Cation —
TLC PPC

F- Na+ 0 0 blue AgNO;-UV 254
Cl- K+ 40 45 ” ”
Br- K+ 58 57 ” ”
Br- Nat 60 57 ” ”
I- K+ 77, 78® 72 ” ”
103~ Na+ 13, 30¢ 16 violet KI-HCI
10;- - K+ 14 19 ” 4
104~ Na+* 12, 31e 24 4 N
BrO;- K+ 43 57 ” ”
ClO;- Na+ 35 45 yellow ”
ClO,' ” 63 70 /” 14
CIO,- ” 80 78 ” ”
ClO,~ K+ 78 70 4 ”
S0O,2-, SO,2- Nat 5 3 violet AcOH-BaCl;-Na rhodizonate
S2- Na* 10, 33» 11 blue AgNO;
52032- 14 8, 300 9 ” ”
SCN- K+ 85 70 yellow Fe(NO;);-HNO;
Fe(CN)gi- K+ 2 3 violet Fe(INO3)3-HNO3
Fe(CN) 43~ ” 32 20 ” ”
CrQ,2- ” 62, 10D 6 ” Pb(OAc)2
Cr,0;2- ” 9w, 689 9 ” ”
NO - Na* 55 62 violet sullanilic acid etc.
NO;- ” 60 792 ” ”
PO,3- Na*, K+ 0 0 ” H,S0O,-(NH)§Mo;024
WO, 2- Na+* 44 — yellow AgNO,
MoO, 2~ 4 36» — green ”
VO,- ” 20b — blue diaminobenzidine-KI-SnCl;-HCl
VO,3- ” 16» — ” ”
AsO;- Na+ 430 — weak yellow dithizon-HCI
AsO,3- ” 49¢ _ ” ”
SeO,2- ” 29d) — ” SnCl,-HCl
SeO,2- ” 300 — ” ”

a) Solvent system : 28% NHOH-acetone-n-BuOH (60 : 130 : 30, v/v), TLC : Merck precoated cellulose plate, 90 min/10cm, PPC : Toyo

filter paper No. 51A, 180 min/20cm, Sample size : 10 pg/pl;
90 min/10 cm;
num morin complex

U vk RO ERSRED bR (£ Y DART
W RIEEIXTEL, RHSE#ETH - ). HEHR
WD 3 kR HEBBR L O, FREREODLO, FHyd
DTHFELD 5.

2. —fRIT T = A-F Y AT VKD B A
DI EHBEERER D) wwET o, B AU 2B
RFETHZNT =0 LEROER, TibbASFE
MRS LD ® ) o Oliiic AT 5 LRI D

Al(C5HyO7) 3+ 6X - ——AlX 3~ +3C5H 404
(1)
e L X — R F

DX S hEBREFERRGIC S VTIE, BRALFERA &
DT IVE =Y AEERAERIC B S REEERSERK
SO TR TS, L LadsIhboBEHRRIGE
BHNERRG R0, E-REHO B FERRG
ThHHw, BENOEMFERRIGOX STz

b) Acetone-28% NH,OH(3 : 2) : 90 min/I0cm;
d) Acetone-acetic acid-water (20 : 1:10) : 120 min/10cm;

¢) Dioxane-H;O (3: 2):
e) Under UV irradiation at 365 nm after spraying alumi-

v h-faA A RO TEEEROIERLT, HLEDOK
INDEBRER P ERT LI X TERP -1 WHRIC
LTHEHEOREVERA S DI o< b5 AT,
FTE = A-8 ) RO FEREOTVILIE TETIH
g, 7rI=va-EAF otk itk bsE ) >
B FOBEMD - DEEAR v PREIE I

3. REBES I35 Ol»LORA AL L&EA
F DS RIFTHS. F R TAE, H Y)Y AER
WFh S ARBEERIC X S A A o DG icE 2 5%
7 {Br- @ hR¢ {f : 60(NaBr), 57(KBr)}.
Fig. BicR L7z dienua s 4 DB, FOEXR
RathfE o3k X® L Ry {HORCT MEBEMED, XA +
MR L Ry (HOBIC X EOEEM: 38 b5 (Fig. 8
kg 1, 2).

BEAF DS FHEEL V2 b5 TROER (Re
H7 &) LoBMRIcOVTE, WD THET S-
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Electronegativity, eV
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Curve 1

Curve 2

TLC hR; valuet
w
<
T

130 15 17 Lo 1 2.3
Tonic radius, A
Fig. 8 Relationship between ARy values, electro-
negativities and ionic radii of halogen
anions
T 28% NH,OH-acetone-n-BuOH (60 : 130 : 30)/cellulose;
Curve 1 : Electronegativity-AR; value; Curve 2 : Ionic
radius-AR; value

Table 2 iz EEREEFAHEE L. PC o0& TLC
O HE LRI LSS RPE b, R EZ, ARC
FUWCTHBHCEER LRBBESR LA FbE 2 2 1T
X0, BEERAT DOV B WHITBERETDH S.

FPRIC2>WT CYHEE 72 YHIEFTEEHRE K
AT ERH#L T,
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Chromatography of inorganic anions by using
aluminum (II)-morin fluorescent complex as a
detection reagent. (Chromatography of inorganic
compounds. I.) Tamotsu Okxumura* and Yasuharu
Nisaikawa**(¥Shionogi, Research Laboratory, Shionogi,
& Co., Ltd., 5-12-4, Sagisu, Fukushima-ku, Osaka—shi,
Osaka; **Department of Chemistry, Faculty of Science
and Technology, Kinki University, 3-4-1, Kowakae,
Higashiosaka-shi, Osaka)

A simple and rapid detection method of inorganic
anions was investigated by using aluminum (III)-morin
fluorescent complex.

Thirty kinds of inorganic anions developed on paper
and cellulose thin-layer and located under UV 365 nm
after spraying with this complex. Among these anions,
twenty five ions such as halogen, halogenooxyacids,
sulfur containing anions, cyanoferrates. chromates,
nitrile, nitrate, phosphate, tungstate, molybdate and
vanadates showed the fluorescence quenching on
chromatograms.

The remaining anions (arsenite, selenite and selenate)
did not show the remarkable quenching effect.

From the experimental result, fluorescence quenching
effect of anions was classified into three grades: strong
(violet color : iod- and bromoxyacids, sulfite, sulfate,
cyanoferrates, chromates, nitrite, nitrate, phosphate),
medium (blue color : halogen, sulfide, vanadates) and
weak (yellow color : chlorooxyacids, thiocyanate, tungs-
tate).

The mechanism of fluorescence quenching caused
by these inorganic anions might involve a chemical
reaction which convert aluminum-morin fluorescent
complex into aluminum salts with no fluorescence
ability.

When a basic solvent system containing 289, am-
monium hydroxide-acetone-n—butanol (60 : 130 : 30)
was used, a rather clear relationship among Ry values,
electronegativities and ionic radii of halogen was
observed. Namely, the Ry values became higher as
the electronegativity of halogen decreased or the ionic
radius increased.

(Received Feb. 6, 1976)
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Aluminum (III)-morin fluorescent complex
Fluorescence quenching effect
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Paper partition chromatography

Thin-~layer chromatography
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