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Photometric Ion Chromatography

Kazuicar Havagawa and MotoicHl MIYAZAKI
Faculty of Pharmaceutical Sciences, Kanazawa University,
13-1 Takara-machi, Kanazawa 920, Japan

Ion chromatography (IC) with conductivity detection, which was introduced in 1975, has become
widely used for the simultaneous determination of inorganic and organic ions. On the other hand,
photometric ion chromatography (PIC) based on the difference of absorbances of sample and eluent
(mobile phase) species has attracted much attention in the recent field of IC, since this technique
has potential advantages over IC methods with conductivity detection. This technique which allows IC
on a conventional single column HPLC system with an absorbance detector gives compatible sensitivity
to conductivity detection.

This paper deals mainly with indirect PIC methods performed by both ion exchange and reversed-
phase modes, where non-UV-absorbing ions are detected as positive and negative peaks by using
UV-absorbing ions in the eluent (mobile phase). The features of PIC have been reasonably well
known, but it is necessary to understand principles and conditions of PIC for the effective use of
this téchnique. This paper reviews a number of significant reports which deal with the optimisations
of separating column, eluent (mobile phase), detection wavelength, sensitivity and restrictions of PIC

with its applications. It is also the purpose of this paper to discuss alternative methods and innova-

tions of PIC.
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Fig. 1. Absorption Spectra of Sample and

Eluent Ions (Model)
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Fig. 2. Photometric Detection Patterns in Jon Exchange

~ Chromatography
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Fig. 3. Chromatogram of Carboxylic and In-

organic Acids®®

1, acetate (I1X1074 m); 2, lactate (IX1074 M); 3, formate

(1x1074 M); 4, levulinate (1.5X1074 M); 5, chloride 2%

10~4 Mm); 6, nitrite (2X1074 M); 7, phosphate (2X10-4 M);

8, succinate (2X1074 M); 9, l-malate (31074 M); 10, tartra-

te (2x10-4 M); 11, sulfate (2X10~4 M); column, MCI SCA-

01 (250 mmx4.6 mm i.d.); eluent, 5X104 M disodium ph-

thalate; sample volume, 80 z«1.
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Fig. 4. Chromatogram. of Seven Inorganic
Cations’®

1, sodium (9.2 ppm); 2, ammonium (7.2 ppm); 3, potas-
sium (16 ppm); 4, rubidium (34 ppm); 5, cesium (53
ppm); 6, magnesium (9.6 ppm); 7, calcium (16 ppm);
column, Zipax SCX (250 mmXx4.6 mm i.d.); eluent, 2.5X%
10-3 M copper sulfate; flow rate, 1 mi min-1; detection,
220 nm; sample volume, 100 zl.
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TasLe [

with Absorbance Detection (Ton Exchange Mode)

Experimental Conditions of Non-suppressed Ion Chromatography

Analyte Eluent " Column Detection  Ref.
nm No.
Ng_, Br03', Br”, COSZ_; C].Os—,
C(l;l‘z, F-, 103‘,01\103”, NO,-,.
SO4%, SO4-, POS, acetate, . .
monochloracetate,4dichlorace- gfggér;nff:t};aligeéiiﬁmm
tate, trichloracetate,, citrate, trimesate, jodide Styrene-divinylbenzen
glycolate, maleate, malonate, ’ b y g ien Zx}}ﬁ r? zene (—)241—-296 o
propionate, succinate, pyro- ased 10 changers ’
phosphate, tripolyphosphate
Na*, NH,*, K+, Mg?*, Ca?* Copper sulfate
Nat, Rb*, Mn?t, F~, Cl- Copper nitrate :
F-, CI-, Br~ Sodium benzoate - Zipax SAX (DuPont) (—)240 } o
Lit, Na*, K* Copper sulfate Zipax SCX (DuPont) (—=)>220
Serum extract (3-hydroxy- . . .
butyrate, lactate, pyruvate, Pﬁtrﬁsslmtm hydrogen Ig&;ﬂ:ltl 1OS>AX (—)296 24
acetoacetate, Cl=, NOg™) pnthalate Aatman
Cl-, NO;=, NOs~ ’ Sodium benzenesulfonate TSK gel IC-Anion-PW —,+) o7
(Toyo Soda) 239—255
H,PO,~, CI-, NO;~, Br-, Orthophthalate Nucleosil 10-SB
NO;~, SO.2- (pH 3.9—5.1) (Macherey Nagel)
opbihalas Vydac 02 10 oml—zan
. - - 1,2,4-Benzenetricarboxy- TSK gel IC-Anion-PW
2 _
Eg:%watef (Cl7, 50,7, lic acid (pH 7.5) (Toyo Soda) (—)258 2
- - _ _ _ 1,5-Naphthalene TSK gel IC-Anion-PW
F-, CI7, NO,7, Br7, NO, disulfonic acid (Toyo Soda) (=287 %
Nat+, NH*, K*, Rb*, Cs*, SN TION-210 B
Mg?*, Ca?*, Fed* Cs2(S00)s (Interaction Chemicals) (=254 o
Inorganic anions, polivalent B MCI SCA-01 _ '
metal ions Nas[Cu(edta) ]-NayHyedta (Mitsubishi Chemicals) (=, +)290
MCI CPK-08 ) 52,33
Li*, Na*, NH,*, K*, Rb*,  [Cu(en)s]SO,, [Cuftrien)] ] (Mitsubishi Chemicals) (—)295, 550
Cs*, Mg?*+ : SO, MCI CK-10S
’ (Mitsubishi Chemicals)
Monoisopropanolamine, di- Benzyltrimethylammo-
ethanolamine, triethanolamine, nium chloride in: aceto- Partisil SCX (Whatman) (—)268, 270
dimethyldiallylammonium nitrile-water ,
Lysine, arginine Benzylamine in aceto Partisil SCX (Whatman) (—)266 34
‘nitrile-water
Dioctyl sulfosuccinate Potassium biphthalate in  Partisil SCX (Whatman) (—)293
) acetonitrile-water
Quaternary alkylammonium  Benzyltriethylammonium )
salts (tetrabutyl-, tetra-z- chloride in acetonitrile- ' '
propyl-, (2-chloroethyl)- water, benzyltrimethyl- Partisil SCX (Whatman) (—)270 35
trimethyl-, tetraethyl-, ammonium chloride in
tetramethyl-) acetonitrile-water
Li*, Na*, NH,*, K, ,
methylamine, dimethylamine,  Benzyltrimethylammo- .
trimethylamine, diethanola- nium chloride Dionex HPIC-CS2 (—)275 36
mine i
Rain water, river water, tap
water, mineral water,
vegitables :
{Cl“, NO;~, SO,*~, HCOy~  Disodium phthalate Zipax SAX (DuPont) (—)240 91, 44, 45,
Nat, K+, Mg?*, Ca%* Copper sulfate } 47

Zipax SCX (DuPont)

(—)220
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Inorganic anions, polyvalent
metal ions

Na+, NH4+, K+1 Cl—; N02—>
Br-, NG;-, SO2

F-, ClI-, NO,~, Br~, NO;-,
SOz~

EDTA
Copper o-sulfobenzoate

p-Toluenesulfonic acid,
2-naphthylamine.1-
sulfonic acid

TSK gel IC-Anion-SW
(Toyo Soda)

No.. 3 215
TapLe 1. (continued)
Detection  Ref.
Analyte Eluent Column (nm) No.
White wine, beer, sake ASA-4000 (Oyobunko) .
(19 carboxylates and 5 Disodium phthalate MCI SCA-01 (—>240 88
inorganic anions) (Mitsubishi Chemicals)
Nat, NH,*, K*, Rb*, Cs*,
Mg?*, Ca?*, tap water (Na*, Copper sulfate Zipax SCX (DuPont) (—)220 89
K+, Mg?*+, Ca?*)
Cl-, NO;s~, SO~ Potassium hydrogen Vydac 302 (—)308
_ : phthalate 40
H,PO,~, Cl~, NO,~, Br~, Potassium hydrogen Vydac 302 (—)250 “u
NO;~, SO.2-, carboxylates phthalate
Inorganic anions Sodium hydrogen Shim-pack IC-Al (—)245 2
phthalate (Shimadzu)
Li*, Na*, NH,*, K+ Benzylamine Waters IC-Pak C (—)257 43
River water (HCO;-, Cl-, 1,2,4-Benzenetricarboxylic TSK gel IC-Anion-PW (—)270 46
- SO, NOg™) acid (pH 7.0) (Toyo Soda)
Kamaboko (BrO;™) Potassium hydrogen Zipax SAX (DuPont) (—=)230 48
phthalate
Candied foods (ClO;3™) Disodium phthalate ASA-4000 (Oyobunko) (—)250 49
H,PO,~, Cl-, lactate, acetate, Potassium hydrogen Dionex AS-1, Wescan (—)233—250 %0
SO42~, SO2- phthalate Model 269-001, Vydac
# 3021C
Aqueous infusions
{CI‘, HPO.2~, SO2- Copper sulfate ASC-4000 (Oyobunko) (—)>220
1
Na*, K+, Mg?*+, Ca?* Disodium phthalate ASA-4000 (Oyobunko) . (—)260 } ?
Human serum (HCOj;™) Potassium hydrogen TSK gel IC-Anion-PW (—)254 52
phthalate (Toyo Soda)
Soil extracts (alkylamines) Copper sulfate Aminex A-8, A-9 (—>240 58
(Bio-Rad)
Cephalothin Potassium hydrogen Dionex AS-1 (—)250 54
phthalate '
Lit, Na*, NH,*, K+, Rbt, TSK gel IC-Cation
Cs*, Mg?*, Ca?*, river water Copper sulfate (Toyo Soda) -+Zipax (—)225
(Na*, NH,*, K+, Mg?*, Ca?*) SCX (DuPont) 56,55
Inorganic anions, carboxylates Disodium phthalate MCI SCA-024SCA-03 (—)260
(Mitsubishi Chemicals)
Soft drinks (lactate, ascorbate, Citraconic acid —> - MCI SCA-01 (—)254 57
Cl-, malate, tartrate, citrate) sulfobenzoic acid (Mitsubishi Chemicals)
Inorganic anions Citric acid+cetrimide Silica based SAX (—, + 58
: 210—230 .

(=, +)210 5

Zipax SAX+SCX (—)240, 270 s°
(DuPont)

Waters IC PAK A+IC

concentrator (2300 s

(+), positive peak; (—), negative peak.

%@ﬂﬁﬁébHTMKM.~ﬁ@%%§ﬁ@m %%
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er v V)Y sk CRET ZHEBRA & v 5 \WILR
(LB & UCAERT AR 1 v R ERT 5 C LTk
D BBt OBERL KSR 2 BN R T 5 R BT L
71:_54)

R B 1IC o
EEESFTA~OFEH LA, X VERRY AT A0%M
DEZEIET BRT WS, ¥F, YAT ADTRION
TEAL LS. Small 5%, BBRCHBEE o=V}
BERAWS Z AT LCREERE IC OEEKI 1
FVRBRRBEDORD 2ADEA A VA 5 AEEA
L, BEOBVF YT aLAY, BV ALFVIE2
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Fig. 5. Separation of Mono- and Divalent Cations by a Split Column
Technique (A) and Its System (B)2

KON T 2EBETH, REOW~ 7% vy 8l 4,
HAYT AL FEDDH S ADRTHHYIRT, =
NHEX 1 OOBHBTHRIBTHLASY » b5 atERE
L7 (Fig. 5). FEELIL, REREDORKLD 2AD
HSAERNEH T AR yF Y SN, REOELL
RIs DS A 4 v O—BHW Ofh, SRS ISR
Rk DR BT CTED W DI & 72 % v AT &
E— 7 DBRECIEHTLS = L2 E LS Wik
B v ORE—FHAHCHED L5 Neish 12, »5
AAAL 5 F Y PEERBOBBMT C BB L 2 &
1z, Haddad B3, 987 5 2 0OBICESBHEO Y 5 2%
FIV %I X - CTEREE 10ml F10> 0.03—0.1ppb o
7 o ALM A v, A4 v, TRERA A, RERA
A VROREA 4 v B TE L C LR L LA
bix, » 7 AMREOE L Rix s BEBE —H AT 5
e, BBER & BOCE Y L X P IEHE ADE
WHER D DR E) D a2 5 HE R Y, IR
RS ENRI9E, 7A2ALEvER B+,
Vv AW, 7= vEBE—FON LIS

—75, Okada B2 RFEE B 13, HFERST 4V
CTHRE A v L OBKENE UL s WE R REWE
CEDDHZ LR LY, hERYAF v DO — 7% HEET

0.016 AU

Detector response

<
L

,.

| ]

L
0 5 10 15 20

Time (min)

Fig. 6. Chromatogram of Acetate, Sorbate and
Succinate??

1, acetate (0.8 mM); 2, sorbate (0.04 mm); 3, succinate (1
mM); column, DuPont Zipax SAX (250 mmX4.6 mm i.d.);
eluent, 5x10-4 M disodium phthalate; ‘detection, 250 nm.
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Xzt (Fig. 2 032 — /(25 R), %7, Wheals®
REE D 13, BEKA A v OREEIBREFRORA
BINDOKETAF v ENSInA A v ORI S X 51
BHEBEELESE, BHEA A Y I DBRIRORE WA 4
VERI WA FVENE, ADOE—27 L LUTHEBRIET
x5 LaB b L (Fig. 6).

FBEO IC &84T, BIAAvHHEEAF VO
FThr—FOEBHHIh, MHDOA v BOSIITIL
H S AP I E DEMEEETHI ENABETH-
o, LTAD, TOMEIRHEL,
BEOWESL Y BRI, B1 4 v L&A 4 v ORI O
LZEE IR TS, 7, Small b1, BA 4 Rk
B AL A VRIS T A EREIICERLT B
VB LA A VRS DT b BRI R AT B
MER(IDBEWREEEREL, B4y (rVvadg
AV, VECT AL KXY, = VA VAFY) FEFETDA
F v ORTEREBT, B4+ (751813,
B A A V) XA 4V ORTBRIEEELT, Th
FHRBMIT2S 24 VI OWESLHRE L 20 %
7=, Iskandarani 5%, BRA A VBRI S & LG4V
ZaH o AREIICHEEL, BA A VRS EBTI A VK
HOTHCENBINE DD O-A N+ REBBEHIACID) %
BHEER L LT, Bich 2R 240nm & 270nm) %R
HEREETEF 7 MREFRC LY, Barrv (T
E=vALFY, BT ALFY) LIRAFY (R
Ay, BEEA ) ERARANTAAE R BE L
4280 —J5, Matsushita 13, =5 v v o7 I v HEER

IOD%AU

Detector response

1 5 10 15 20
Time (min)
Fig. 7. Chromatogram of Three Anions and -
Two Metal Ions3®
1, C1- (280 ng); 2, Ca2+ (160 ng); 3, NO3z~ (500 ng); 4,
Mg2+ (97 ng); 5, SO42- (380 ng); column, MCI SCA-01

(150 mmx4.6 mm i.d.); eluent, 5X1074 M NO3(Cu(edta)3-
5x1075 M NazHzedta.

X b REME TS

(EDTA) »¥HK L LeBLEEERE IC i3T5
WRo—B T, 2{H&BI A vBEABEESEY 7 4N
T 1 + v D EDTA-SBEHEART 5720, A
WEBREERYRHEE THhE BRI+ LB
LAV HABMFTELCE R ME L 1S CokE
13, EDTA OWRED N ECTCDITEEDS » Tl
», FO%, BEHI, BXEOKE EDTA-HH(ID
& EDTA ORABRYBHK ETHBA 4 v EEA
* v OERBE kB O B ERE L (Fig. 7).
Table I ik, Zh ¥ TS Shicf vkt
E#E IC BT MO EGE1 + v &, BHK,
HF ATERROBHERY ¥ &D7. FILVWRAEE
DI BDRRBEEREE LD, 14 v ZRBEICERE
IC oMgaixEEL, Zo FIHLECHEL? S &EFHEIN.
5.

3. FHEEEERE IC

3-1 HEAXEE JEHME »SrvEHEHEE— FRBW
Th, XRRDOK, BBV e lbEr BCER
W3 2 RL DR 2B i IR TR YE-I, FDfE
Bk A A vEEE - FX D EO. L BEETEERE
IC oFEAZ T “BRIND KEnA 4 v LGy (1
F YRR wAWDE” WA ELHE, 1 Avse
<+ 757 4 —OEFBRBEDHRLEFE DD D
5. L, SZTRERBIEKL, ¥HE—TO
IC REAZR->THRALLS. BHEODI, HRIR
DIREA v R S, 4 vHREEY CF - X~ &
5. Ct 2 X- OWThBARBRNEETH0C L - T,
FOBRMEERY, 2200BRCHTTELD T EHRTE
5.
KRB A AV ST -HLT, X BB A BT %55
HE—bbh T, #F2¥BEMHE C-X (C* K
KEDOECEBA A VRS ET5) THELTLZ LT X
D, » 7 AEEHEERIRFEOM C TEbh, £0
£ L2 X™ DA FVIEAHCEELCWARBERS.
Licio T 0 5 2EENTE, BA 4 Ry
BoLE25. ZDEE, ST BITALEAIRS L,
&€ HFRE T,

CHX 4S8 == CHS+X~ e )
Ewy XT kST ofF v (B KILKEZS.
Liciio TROVEILT 5 FEIRETIE, 77 a0 b
S- BB IRD X, XT NS CEHRINCEBER
IBEHEERS X~ BNRTR-2A54 VIRRENEAS L,
Be—r&HETS5 Z0kE, S0 C HTHA4
vEMEOE I X Y RFFRESRLS. D EOKF
I, A A VERBECESRE IC o E (2—1) &EU
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" Fig. 9. Chromatograms of Sulfate and Chloride
/ Tons™>

Time
Fig. 8. Photometric Detection Patterns in Re-
versed-Phase Chromatography

LCWbZ Ehbnns (Fig. 8-A).

ARy ST LT, C BRRILE H T A5

LY, HOrLOHIT A BEMHE C.X- T

SPELINT WD ET S, & & T CHS D1+ vtk

BEEAK X WL, BB Y S OEAK, 75 AR

TRD X 5 7RIS EE 5. '
CHX 4S5 == X"+C+.S" == C*+S oo (6)
BEAE BB & A

&

ok, CHS™ OREELEEHEROSE D K £

NBEEZBZENTES. Lo T, ROIPKILT
LEEIRABTIL, 27 a0 ST AEHENRD & ERIL
Cr&ffleoTkDh, ST DRECEFELTE B HR S
Ct OR—25A4 VIERENEM T 5. D L &, S

L Ct DA FVRERORIORVE LY, S S
Cr oREEMOXE X (¥— 7ERE) 3%k 5 Fig.
8-B). -

AR HAREERE IC 0OFEBLHU E0X 51
BETELS. L, FHECI-TUTZD 2 DDRER
PRETHHEGHD, I, ADC— 7 DRER, BA
DEL (BES) 1+ vEALOABIIIHREIHh T
W 58970 ki, REROBEE 2 D DBRIBCEN L
5.

1, CI~ (1073 M); 2, SO42- (1078 M); 3, system peak; column,
DuPont Zorbax Cs (7 #m, 200 mm); eluent, 1073 M CgHj7
(CH3)NH2+SO3~- <O)- -CH3; flow rate, 1.6 ml min™1;
sample volume, 20 zl; detection, conductivity followed by
indirect photometry at 254 nm. )

A A VRRED 5 LRARA 4 v ERFEOA F v
BRI E BT A E L TRD X 5 5#iERS 5.
Dreux BHit, M= VAALRVEE A I7FNLAFAT
VE=SY AREMUCBEHEYEWS LB+ v &
TR A A4 v\ S h s & & (Fig. 9), B
CHRMTHBAA VRS ELT= eV EY AR Y
MrY=trREBHBLEY TH 5 & EERBLE™
Andrasko 13, p-r A=V ALK VEE s wF AP Y A F
WT /=T ARY p- A=V ALK VEE R BIN LT
Tebr=r ) -KEBEHEELT avERIFY,
M1 4 v, BREEA AV, B A+, W1+
v, WERBAA Y, 29I A VROFF VT 1 F
VIE, AOE— 7 L LTHRITE 5 2 LG L™
T Perrone Bk, 72N TS TFAT VE
=Y ABREYBEMHEELT, 7yt 1 A4y, Bkl
v, BB A Y, R aty, VVEEAF Y, B
B4y, WY vEEA4Y, HEMA 4V, B4
vV, FAWEBA AV, avitpa v aoEiRETE D
T EERPE L™ (Fig. 10). [k © & 2 5 ¢, Fré-
hlich 13, w1 b Y 2FAT7 VE =7 A0ES LT
BT AL= w7 RVBERETRL, EREA A L
Fi%, ¥7c Bidlingmeyer H™ (%, ¥ U FAfE . T b
5TFNANT VE =Y ABWEBEIEE LT, B4
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a Fig. 12. Separation of a Multicomponent Mix-
F_—| /J ture of Inorganic Monovalent Anions™
3 6 9 12 1, F-; 2, CI~; 3, Br~; 4, NOz—; 5, NOs~; 6, ClO3™; 7, I~

Time (min)

Fig. 10. Separation of Eleven Inorganic Anions™
1, F-; 2, ClI-; 8, NO2~; 4, Br~; 5, PO43™; 6, NOs~; 7,
PO33~; 8, ClOs~; 9, SO42-; 10, S;0327; 11, I"; column,
analytical column (5 #m, Cig)+ guard column (Cys); mo-
bile phase, 1 mM tetrabutylammonium hydroxide adjusted
to pH 6.56 with a svaturated phthalic acid solution; flow
_rate, 1.3 ml min-1,

23
@ N
§
2 4
&
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1) i 1 1
0 4 8 12 .
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Fig. 11. Separation of Five Inorganic Anions™

1, system peak; 2, Cl7; 3, NOz~; 4, Br~; 5, NO3™; 6, SO4%7;
sample size, 50 x4l of 1 mM each anion; column, Supelco
LC18DB; mobile phase, 0.25 mM hexanesulfonate-4 mM a-
naphthylmethyltributylammonium-10 mM acetic acid sodium
acetate in water (pH 4.75); flow rate, 1 ml min1; de-
tection wavelength, 316 nm.

8, BF4~; 9, system peak; 10, SCN—; column, Hamilton
PRP-1 (150 mm X 4.1 mm id.); mobile phase, 1074 M
Fe(phen)s(ClO4)2-10"4 M succinate (pH 6.1); flow rate, 1
ml min~1; detection, 510 nm.

1073 |
—60/ ! 1Cy
As ] '
—30
8 |
g }
< Ome—
o fi l
12}
=
40 { ( .
| ' ‘ Du
80 y /s
Sp
4 8 12 16 20 24
Time (min)

Fig. 13. Chromatogram of Aspartam (As), Cy-
clamate (Cy), Saccharin (Sa), Dulcin
(Du) and System Peak (Sp)®®

Sample, 30 z1 of 1000 ppm each of aspartam and cyclamate
and 300 ppm each of saccharin -and dulcin; column, Merk
Hypersil MOS (3 #m, 100 mm X 4 mm i.d.); eluent, 5 mm
TBA p-toluenesulphonate with 8% methanol; flow rate,
1.5 ml min-1.

vEWThEAE— 27 & UTHOEREBT 2 HEEREL
fo.

—J5, AFVRIRED > bR AV ERFFTOA 4
VRO DB EETBHE L TKRDL S T & 1D
%. Carr B, a-F7FAAF L) TFILT VE=
v AEEMUCBEEAAGTC, Ehipa 4 v, EHR
Ay, BALHA Y, BERA Y, BERA AV IRED
ERIEA VO BEEREIh B 2 L™ (Fig. 1D, XU
ChOERIET A A vRERE, B AREE &
T4 Ay, EEEOEEY R2HLMCLTWS. B
W1z, TORTYATF LAY -7 L0HIREH Eh DR
BAAvizgae—7, BrEliIhsd814+vidiEy
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TapLe II. Experimental Conditions of Non-suppressed Ion Chromatography
with Absorbance Detection (Reversed-Phase Mode)
Analyte Eluent Column Detrel;:r’iion llsTf)f.
Cetylpyridinium chlbride,
Pentanesulfonate, hexanesul- .
’ phenethylamine p-ethyl- _ -
(f)(zl;:;z,sulifopﬁzileesulfonate, benzenesulfonate in me- #Bondapak Ciz (Waters) (—)254 65-67
thanol-water
1-Phenethy]-2-picoliniﬁlr}r11
. . . bromide, sodium naphtha- pBondapak Phenyl
Slirblcs)ﬁﬁhf ac12§;ii£)k};18if§mes, lene-2-sulfonate, sodium  (Waters), Nucleosil (+, —)54 s
}tl'd a}gs,_ aas, 6-hydroxynaphthalene- CN (Macherey Nagel), ’
peptides, br 2-sulfonate, N,N-dime- PRP-1 (Hamilton)
: : thylprotriptyline bromide
Octylmethylammonium-
Cl-, SOz, I p-ﬁ?luenesulfate,b nitro- Zorbax Cg; (DuPont) (—)254 &
sulfonate, nitrobenzoate
Cl-, ClO;3~, NO;~, NG5, Cetyltrimethylammonium .
Br-, I-, 1057, SZCN', 53042_, p-toluenesulfonate in lgql\t/iclek?sd Cl& D +,2§6) 970
H,PO,~ acetonitrile-water acherey Nage -
F-, Cl=, NO,~, Br-, HPO2", . .
NG, G107, S0, S:04°, ;ffglz‘f;‘eﬂamm°m“m Cis (—)220—230 7
H,PO,~, Cl‘, NQO,-, Br-, Tetrabutylammonium .
NOs_, I_, SO42_, ézosz_ salicylate C13 Radial-PAK (Waters) ("‘)288 74
Cl7, NG,~, Br-, NQ,~, SO, a-Naphthylmethyltribu-
and other inorganic anions, tylammonium + hexane- Supelco LC18D8 (+)316 76-78
alkylsulfonates sulfonate + acetate ‘
F_, 103_, Cl_, NOZ", BI’Og_,
NO;~, ClOg-, 80,2, I, Iron(ID1,10-phenanthro- ~ £0rbax Cis (DuPont), . y54 79,80
BF,~, SCN-, ClO,-, CIO,~, line salts PRP-1 (Hamilton)
carboxylates : _ pBondapak C;3 (Waters),
Surfactant and its degradated Sodium decylbenzenesul- LiChrosorb RP- 18 (+)254 83
products (amines) fonate (Merck) '
Tetrabutylammonium LiChrosorb RP-18
_ f}ﬁi?fzneéil éiycfsrgsfféms)ac p-toluenesulfonate in (Merck), Hypersil MOS (4, —)267 84
’ : methanol-water (Shandon)
: o p-Toluenesulfonic acid in >
Acetylcholine, choline acetonitrile-water PRP-1 (Hamilton) (+, —)2b4 8
1-Phenethy!-2-picolini '
Acetylcholine, butyrylcholi hetyi-a-p um
chcoeh%: l‘;;ggxon;g}ﬁzlfn: 1ne, Fﬁ:frﬁﬁzclgiflg;ggl‘;ﬁ; pBondapak Ci3 (Waters) (—)254 86
'Ganghon blocking agent p-Toluenesulfonic acid in . o
(hexamethonium bromide) methanol-water. pBondapak Cis (Waters) (+)210 87
Cetyltrimethylammonium .
. . . . H 1.5-0DS
Inorganic anions, acetate });;mlde——-—» 3-nitrophtha- (Sii?flgn) (—)325 112

(+), positive peak ; (—), negative peak.

— 2 LB EEHELNC L™ KkiT Pietrzyk i3,
THRBRINAK & gk (M)-1.10-7 = F v b r U v §&fk
B HCTERIE 1 7 (Fig. 12), L0 HEES o
FIRPCEREC X A 0WMEL2HE LUk,

1AV I R= 757 4 OB ECBECIIE
HIhTuiWEobhh, BHBKERE IC oK
CoWTh I-1HEERRHOZDOEME TI13, HTFLLF
SEREZI. L IR LDRTUHTHIL, B

SHOBF LD “URFAC— 2" DERIEE® 11,
BAEd ok, RBIOMBEL LTEBIRTWSZ Lo
Tz TEa LR Bisy.

3-2 REFH~OHEH PHETOEE Kl IC o)
R, 4 A vERIEEERE IC 1T A e s

R
[

CTURIA MR o VAT T R A A v e

EMDEE L ED TEESN~BE LIBT3,
Parris 13, REEERIEOEOXIRIOIH&IT -, T
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Fig. 14. Separation of Aliphatic Alchols®®

1, methanol; 2, ethanol; 3, 2-propanol; 4, 1-propanol; 5,
2-methyl-2-propanol; 6, 2-butanol; 7, 1-butanol; 8, 1,1-di-
methylpropanol; sample size, 10 #1 containing 80 #g of
each alchol; column, Whatman Partisil-5-ODS (250 mmXx
6.26 mm i.d.); mobile phase, 10-4 M methylene blue in
methanol-H20 (5:95); flow rate, 1 ml min~1; detection
wavelength, 651 nm.

ERPTRBEHE L DREN 100 FRV &} E L 128
Herrman 5i%, v 2735 I Vg, e AV vV, AAFV,
FRALTF—n, 7V v EOHER LA L
(Fig. 13).%® Raghuveeran %, 7xF 12 ) Y RO =
Y v OHHHTS Jones BIX, HMHHERFDOT
e ) RO 2 Y v OMHTE B L 7.5 Collins
13, BEEOR~FY 2 b= 2BOW LIS
Petterson 5i%, (+/—=)-10-Hh v 7 » — A AR VBRI E
DI RN R DO BEDHT AT - 705

Table Il Wik FHEBXERL A+ v 2702757
4 — DR EAEY, BEHERS, 77 2AROBRHBE
ExF Lol

4. BHYIC

KD, PRBOBEERERL M2 HPLC K&
TITH = &N TEBFIARLE, LEWEAEKRTCREIN

Yoo T&ie. Lk, BEECEN LRI
DB BAEYDH 7 2EHWHOWEEE, 14 i
WERG T PEpETIRI Y, ZoBGEAVR
i R by, TAa - S BRERIITES S
Lo Sh (Fig. 10,97 EHEATbRE bR
B L 5ICTEo T E 000 —3, WREERM 75 1 TTs

, BREBE, 3XHHIEITRSE OMOKEIE
R EEYEAT A AR IR B X 5 B
fodozm1D =y k5, BB A VIR Sh S & X
T EBEHEORRINES OIE, ADRERLERET
BHEE, A4 VB SIEL F v lEN R
SRR b OMORBIENLEIER D DOHD, LD
BEIRDTREVETZ LS.

LENL, ARSI A vEFELTHILIRLE, B
BB I 2 T ERIU A D B L & LTI
BOE s M ROLERERCERYECL. fIX
E, FRBEIEARINEET DA A VDR 7T
AHHEOTI R, B, MRBNEET B AT
SFiMT 2 EBRIEA F VLB F VOSFERE A
Wi Ch BOBEMK X B0, ko HPLC %
IC o\ T OREL ORI Iad b Fbh T
D, BBROBZHIENOERERTHZ L BEHDT5
WETH5.

BB, SXEBAENELLT, IC 0 HADK
HBEATHD Z ER T TREIRIEE SR Fl
%1%, kEo ASTM o Annual Book 12T, K
B OREEE LTUEC IC BREE IS 213 Tl
, RETY, BAKEHE LARBECS T %5 %
¥, BETAKERENTEES, YORRBAERES
B BRBRET BT 5 KERBRER ORISR LTS
W IC ODRAFBELADEEEHC 7t » T Wb, B
’,Eﬁiﬁﬁ%Uﬁ)&D%@%Hﬁeﬁﬁkbf
£ ERETEVEGTES 5. DX 5 BT
Icu,»~F&3y7bﬁﬁwaﬁibv&m%%k
MEoT, BAFOEERLED TN IETHASS.
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