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Fig. 1 Elution profile of the 285nm absorbancy
accompanying the passage of pancreatic RNAase
through a column of Sephadex G-25 gel which was
equilibrated with 2"-cytidylic acid'®

Mobile phase: 0.09 mM 2’-cytidylic acid; Sample
amount: 2 mg
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Fig. 2 Absorbance detection in ideal ion exchange
chromatographyl)

(A) absorbance spectra of sample and eluent ions;.
(B) chromatograms detected at different wavelength
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Fig. 3 Chromatogram of inorganic anions by in-
direct photometric detection®®

Column: anion exchanger; Eluent: 1 mM disodium
phthalate (pH 7~—8); Detection: 254 nm. Sample:
a, C17 (2mM); b, NO; (2 mM); ¢, Br (5 mM); d,
NOs3™ (5 mM); e, SO,27 (5 mM)
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Fig. 4 Chromatogram of sample and system peaks
with an organic acid solution at low pH as the
mobile phase®”

Column: TSKgel IC-Anion-PW; Mobile phase: 0.5
mM sulphanilic acid (pH 3.5); Detection: 271 nm.
Peaks: 1, acetate (7nmol); 2, laevulinate (2.5
nmol); S, system peak; 3, lactate (2.5 nmol); 4, for-
mate (2.5 nmol); 5, succinate (2.5 nmol)
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Fig. 5 Retention mechanisms of sample and eluent
species in anion exchange column®

(A) model of ideal ion exchange, (B) mixed model of
ion exchange and absorption. S™: sample anion;
E" : eluent anion; @: anion exchanger
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Fig. 6 Eluent jons for anion chromatography with
indirect photometric detection
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Fig. 7 Chromatogram of inorganic anions, magne-
sium and calcium ions using metal complex eluent®®

Column: MCI GEL SCA-02; Eluent: 0.5 mM
Na, [Cu(EDTA)]-0.05 mM NasHoEDTA; Detec-
tion: 290 nm. Peaks: 1, C1” (8 nmol); 2, Ca®*(4
nmol); 3, NOs; (8 nmol); 4, Mg2+(4nmol); 5
SO4% (4 nmol)
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Fig. 8 Chromatogram of inorganic anions, magne-
sium and calcium ions using pyromellitate eluent®®
Column: TSKgel IC-Anion-PW; Eluent: 0.15 mM
pyromellitate (pH 5.5); Detection: 262 nm. Peaks:
1, Mg?* (0.02 mM); 2, Ca®* (0.04 mM); 3, C1~(0.04
mM); 4, NO; (0.04 mM); 5, Br™ (0.04 mM); 6
NO; ™ (0.04 mM); 7, SO,27(0.02 mM)

b
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Fig. 9 Chromatogram of malate enantiomers using
ligand exchange metal complexm

Column: TSKgel IC-Anion-PW; Eluent:
Cu(OH)9s-3 mM L-tartrate (pH 4.7);
283 nm. Peaks:

pmol)

1.5 mM
Detection:
1, L-malate; 2, D-malate (each 0.1
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Fig. 10 Eluent ions for cation chromatography
with indirect photometric detection
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WHNB. NS DOERERID 2 »ICITERGA A V12T
T, TVILTIVE, $50WE 7TV VEHOS
FISHAIhTVEHDE 555,
HEoRERNEAVEHREDELE, AFLyIED
ARy Xy HEBSRICANVKAZVERZEAELIZBA AV
SRS H 5 AHNSNTWVWABD, ZOFHH T L
—(fif A A v DRIFITHARTT VD) TEEEA A V2
EDT{HEE A A Y OFEEHSIER IR, ZOIHEEFED
ST, ZAENRELIBEOABBPIVLETH >
tr. —F, YUV EERIZI ANV VEEREES LB
A&V RMIR A T LABRBAVT, ThHDO—FHPHEIR
ORI OR—AHKCTERIN TS (Fig.
11)8, 20, YIAXVBEKIITI YV y-<w L4
VEEEREESURBA oK h T LT, BIZENZS
BESE X NS X, BERICT VA TEERE A
IV EDEEREREER IRV INT I V-7 Y
-5 LY YT 3 BRI (1) % V-~7FIv-4,5-
YYYY oA vEE-7 T vEEZBO—M, T
B4 4 > DRSS EE S Wi (Fig. 12)%.

2T, BERIOBA A VRS EEAF VRSOV
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Time/min
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r T T T T 1

3 0.005 a.u.

Fig. 11 Chromatogram of inorganic cations®®

Column: Zipax SCX; Eluent: 2.5 mM CuSOy; De-
tection: 220 nm. Peaks: 1, Na®; 2, NH,"; 3,
K*; 4, Rb*; 5, Cs™; 6, Mg®"; 7, Ca?" (each 40
nmol)

Time/min

Fig. 12 Chromatogram of inorganic cations®®

Column: Sulfonated St-DVB; Eluent: 5 mM
benzylamine-0.475 mM EDTAOH-1.425 mM citric
acid (pH 6.6); Detection: 257 nm; Sample: each 10
nmol except for Rb™ (5 nmol)

WHENABNEREI S EICE-Th, BAA v &
A4 v oRBStHPRAELN TS, gL, B4+
VRBA T AERA A YREA T LD 2 KB ICHE

Vol. 44 (1995)

FEUT o- ANVAREERE-R (1) BEBREZRL, B4
TV EBAA VSRR _EECREREHIATL
BN, B4 A B LR, Y RBBEDE A %
FIBRCAA, UL IEBA A v RutkEl + oa
BEEZBETRTA LIS T LT, BB Y 4TI &
BVEBNRY IV AFNT VEZY L-p-b VTV R
R Y BRBRER = FHO IR b ME S W T 5%,

414 RHBEBRHBE KX(6) TN &>
I, KED ) [ ZOKE X ZIEEROBCEIIKTET 5
W, EH K OKE S ZRHERHEBICE D KE 5N
B0, HROBHBO /A XS54 F3i9 oLy
Y, FUT PEHEULRES e, SIS
Uitk 44 - F2RAVWTRHEHBEOR L2 K- 18§
EONR oG —F, BHAEEN | 2B VEET
BRHEZITS 12010, BERBEICE > TRBRBEEESR
PR RY > BEEA, ZEREMICEELTID
FE R TREDNH B,

LIAT, RECBA, HBMEREREA A+ v 70
YT T7 4 - LEEBEERHEA A Y s uc bS5
4 —ORHETRIEBEINT VS, BERNYEREA A+
Youaw NI 57 4 —DERERICT ¥ VEBIE R R L 12
L&, EuERREA A+ v EEBBORHTRIZE~ KT
pmol BE LMEXINT VA, FURAMKIETE
SEEERN & MBERCERBE AR 2 KT 5 &, B
MRA 4 YV IERIEDIES A, BRIRO &5 5 [EEEIL%E
EDESBBNRTHI, B, ) Vi X5
WIZDWTHMBEREEREHDIE S 25 50 fEEATL
129 X, 7 NEKES ) Y AR BB &
Uiz &, BEEREA o » ORMERE IV 3§ N BT
EREPBENTVS EHREIN TV B, 20EHh,
4TI/ 1-FT 75 VVANVKYEER 67-Vk FaF .
2-F 75 VY ANk Ve LBABK S LT, Wik
DRBEP BN TV B,

HiZR U7z & 50z, REIEERICEERR ik O RREE 13 A M # oD
A XV EBIEH N PR T, BBREEESKE VIZEH
L?éw.:nu%dmf,f7yvyVXW$y@
RFTELY M) ANKYBAEBSRKE UT, BICERE
DEOEEA ¥ ORHERER LR sh T a9,
FT75VYy RYRNAVEEERWS &, BERERE
KEBMBEA A Y, FARBA LY, ZFA+ VB4 4
V, FAITVEEA X OBHE TIRIIESCEER
HOKTHDO—TH0, FT75L v I 2k vB%E
MWz &, BA4 v REEER (Ce~Cro ANA VYRR
ORI AT )V) ORHTRIBRGEERHD 2~4
DD THBEREINA TS,
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—7%, WREER (1) BEREHVIZEEDEST VA
VEBAA Y ETVEDY LA Y ORBERCEREIC
F AR TRIZH T ~HE pmol EHWE SN TS,
AFWEYI Y, IAFNEYT Y, RVINVT IV,
2-7 2 ZWIFNVT IV RG 4-AFNRYINT IV
EREEBKE Ltk E, TLVAVEBAA Y ET Y
Fow a4 A VvORBETRIE, BEREEERED

0.3~6.7 ppb OHEATH - L DITK LT, HEENAER

HTIE 0.2~21 ppb EWME SN TN BN, 2Dk
2, BEREERNEBREEERHEZENZNICHET
ZUESELY, MEZEBOCHAVWS ZLTEATS
%)97).

4¢15 HBIATL  HERSCERHA A0
2 T 7 4 —REREEERHA A v U b TT
4 — & FREDRBERE £ F v S IEHERG A & v S E ST
x50, BEBESCEERESRZ LR 5800 O
EHioTWA., #0—2IT, BEK pH OHIRAZ WV
EMBFLNE. TabL, MEBERXEEREAA VS
U 757 4 — TIEBK pH &Ll L ICHE S
B LI EVBROMEEZEETRTHY, €ORR,
ERE RIS & ORMA 4 ¥ 2B A A+ v EEEMH,
FRRETHNTE 5.

KEHD 5 BREERICBA LU CHBIREA 4 ¥ OOth%
E4 5 ZBILREEZBRET 001, N(14) TREN
% Henry OERIZIGH U BBKOBER/ -V Y AT
LAMEBEIN, ThETAAv7ua~v T I77 4 -TH
HE SN TEMBRRE (REB+REBAKEA A +EK
A A Y) ONWHTREICS 512 (Fig. 13)%.

K,
COy(gas) = CO, (aqueous) (14)
(fHU, K,=3.39X10" > M/atom)

L, BERAA VO -7R2BETST VA LEE
B4 A v (Fig. 14B) 2BA & YA 5 L/N— by
FUVITHTLAL 9 FVITETA VvV IA VEBEET S
Lk, chETAAvyrav b /774 -THRES
XN T = 72 kR0 K FR OB AR = B 75t D SR H R
Ax v R ERBERESHARIC S >z (Fig
14A)99)100).

BRI EREA A v 7u~v b5 7 4 —DREEL
T, WIKERBO HPLC B CERWRETH D, FIk
DHSTEAL Y FVITEREIUDETEH VAT AOHEE
%2 - ESEORBEESETLNEY. flE, TAT
7 —EHiehik pH ISR OR TEES I EIKEDVT,
IAF5—YEENA T LEDINE T AOERNICEAT
BZEINE-T, BB AT VOSHFRESNATY

Bl), U&7 u b 75T 4 — 0B B BB EAR R O HT R 425

Fig. 13 Indirect photometric detection ion chro-

matographic system for determination of carbonate-

9
carbon®

B: nitrogen gas bomb; GR: gas regulator; W: gas
washing bottle; R: eluent reservoir; P: pump; I:
injector; O: column oven; GC: guard column; AC:
analytical column; D: UV detector; IT: integrator

1
1 A B
3 2
n
S 2
=
v | 4
4
L N
\ r
[
L 1 S | [\ i ]
0 10 20 0 10 20
Time/min

Fig. 14 Chromatogram of river water”®

Removal column: MCI GEL CK-10S; Analytical
column: MCI GEL SCA-03; Eluent: | mM phtha-
lic acid-0.15 mM HEPES (pH 7); Detection: 260
nm. Peaks: 1, HCO3; (12 nmol); 2, Cl™ (3 nmol);
3, NO3 ™ (1.2 nmol); 4, SO.>~ (1 nmol)

% (Fig. 15)'%%. X, BiEH 7 2RO XSV
TEBATRBEABOBERICEATSIEICELY,
ppt VNV DE R & mEE 4 A v OERBERIK T Y
AF LADERIND, WThEERBROHITICHRZ
HELTWVS.
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IO .005 a.u.

L ) )
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Fig. 15 Chromatograms of ethyl carboxylates, car-
boxylate anions and inorganic anions (B) with and
(A) without carboxylesterase-immobilized column'®?

Analytical column: MCI SCA-02; Eluent: 1 mM
phthalate-0.15 mM HEPES (pH 6.5); Detection:
280 nm. Peaks: s, system peak; 1, ethyl acetate; 2,
propionate; 3, butyrate; 4, ethyl isovalerate; 5, Cl™;
6, NO; ~ (each 10 nmol)

EZAT, MERERHAA Y 7u< b7 4 —
TRELTAVIITT 4 v 7 BHEESHEVWSLNTE
0, REZR=2F4 VEFHZEDRESBBHED
EAREEEZZ O NTE . ZOMEDRERED—D
EUVT2RBEOBEKRZI0VIE 2 FESPRES K
», FOBHABEEHIIBOLNATHEIM, —F F—54
HEBOREEERKEANA LU Z a< N7 LE8%
AnsZ&itk-T, BEROBRBBET VR FEOE
AWHEEIZE 512, THbSE, HoHrUDIEEIER
BAL v 2EE20T T v 7288 (BREERREEREK) ©
7av b I AT - REBRRARO s 9 NST AT —
I oBBEUET H5HETHS. Fig. 16 1K1, HEROD
TAVIIT 4y 7 BHEHTCERESMSTE S5
RAF LY IRy LY HEEERIC AN KV EZ K
BUTA T LI & B —fli B O (MRS 4 4 > DO o
U b5 LERLE. EUHIT 0.0l mM FiEgsR (11)
TBRER Z R L TIRIEDOFTF NG b)Y AR H ) 7 44
U ERBHIYE, FORIIAT Y TTI4 AT 300 E5
DEBRE 3mM) BEREZRBEL CREORVT 71
YU LRBUANY I LA Xy BBHITBEH URRH L 724
THDH. HELABBO IO 7T AIXBEREIRME %N
R, BCAMBOSBREICEDS & X12 1.024 T
BTNV —)ir 5 0.002 & 0.008 THEE 7 IV A4 —
WITHBIBL T u< I L0FRTHIEIZED, 4
HORBA A Yo —-sBRBICEmEDOE -2 & LT
BHaINE., COFER, FhENOBEREBECES

Vol. 44 (1995)

(A)
— 1.024AUFS B 0.008AUFS
0.002AUFS
1
2 3

4
o}
0 5 10 0 5 10

Time/min

Fig. 16 Differential chromatogram of inorganic
cations'®”

(A) sample chromatogram. (B) differential chro-
matogram obtained by subtracting blank chromato-
gram from sample chromatogram after amplifying
and changing polarity. Column: MCI GEL SCK-01;
Eluent: CuSOy, 0.01 mM (0~5 min), 3 mM (5~10
min), 0.0l mM (10 min—~); Detection: 230 nm.
Peaks: 1, Na™ (1 nmol); 2, K* (1 nmol); 3, Mg2+
(4 nmol); 4, Ca®" (4 nmol)

NHBHBESLTRBHBE AL 5 &2, S
Bz KIBIZEHRETEDDT, YV INWIT AL A0
T NTFT T4 —DOEAMEED B LIS 5 12199,

42 AFMEERIOAYRTST7 14—

42+1 BARZHNEHESTN A+ HEEEHAZ 0
< N5 T 4 = HE S NS, BREERE DR
YA T LANORFEEHIAT 8RS LT, BKEDERS
ERolcA 4y (A4 YHEEERRE, UR) SIEEE
DHh 7 LABERICRE SN TENA & v 3sik s UTHE
AT HETUNN 5 VZREES - EEEEARK
UTEMEZHR VAL FEHET T VIO aRthcE
FEEHN IR &4 4 v WH2ERLUCEERICRYAE A
BETFNOL ESBEIN TV,

AR, BROKMEA A Y OHAES T LD Langmuir W&
%5 Stern-Gouy-Chapman ¥aR THH 3 7z & & 2 KK
Iz, MEBEREDCA A YHEFR7a< 7574 =1
B AREEEISHCH»PIZEDDDH BN, B
IZ, IR AH 7 LhEEEHR CBER —EBR2ERT S &
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CHES A AV EREORBRATHE S 01D,
k/‘—'k'oexp (ZF¢0/RT) (15)

2T, Ko W IR BEELZVEEDOREBKS (44
VHESE) OB, Z 3FOME, ¢, $EREEME

%£4. F R TWFEHNENT 79 F—EH, SHEEH,

HXHEETH 5. X, BEBHEPICEFES 2 ERAED
HEIZOVWTHEERINTWVA. —F, #EH 7 A
MR & UTYEAT 2BUKEA + VRIS L T 22D
BBREYA MERTIELMES ALY, HILEE
HROD A 4 VEBEMEVS S DBUKEA A ¥ DRI
X, BESEHRIEZT TR, BUKNSRELBET
xRV EMSHEINLZ). it LT, BEEIC
FL— MEIRBEOZSMEEA ¥ 9520 R EHEEE 4
F VBB T B4 & YRR EA 4 VHEFERROL
B2 Ry, BN VRBETNVEXIRTIREL D
5. WFhict &, /X VHEER7 QY N T7 4 —
IZBWT IR BB A S DB THRD 7 LITHREES
nifER, RS (44 Y HEYE) 34 4 v RO
BigcomMxnsEEx 605, IIR OB, BRESE
DEOZEY, FEEFEIBIEIELD EHERINDID,
FOHRTHEVYIVEKRE y 7 BROMUASELZDDDH
BLBHENTH B,

4+2+2 dynamic ion exchanger & fixed-site ion
exchanger A4 VHBEER IO V7T 7 4 — 13,
IIR QMBI L > TIRDZDITKBE B, I, &
SADEHH DO UAERLL, BEBlS (44 Vi
ME) ONMNEL2BNE U TREERICERBEZ I
msacEMHs. Z0BE, IR 2HEENTEENE
IEHIMUTBLBEI»H D, T2 “dynamic ion ex-
change B &IES. ZhiI LT, IIR 2Rl - T
HTAIRESRTBE, BEHICIBERNOS (B
) 2EHOVWAHENS S, ChZEIRA A RHBH T
LAEBAWAEALF YU NI T T4 —FDEDTHY,
Z M % “fixed-site ion exchange BEX” LIFHR T &b H
%, .

A+ VHREERZ O V57 4 =4 X v R#I T
T NTFT 4 —IEBEIX, HNAH T LD X VA
BRIRICHASG cE, UrbHERTAIHHEN T L1344
VRS T AICHART R ELIEMcETHB. B
iZ, dynamic ion exchange R T, IIR, BHEEAIDE
5 5 p— IR % 18 5 12 TR ER Y
ARETH U, AEARROEPEMSS. A, IR &
UT pHEEREZM NS EICk-T, ®WEEA A
V1B EmNSRMWOFRTESE' OWRER T OM

BN, LA ik raw 757 4 =B A RBERCERHEOHRR 427

S04~

Absorbance

Retention time/min

Fig. 17 Simultaneous separation of inorganic cat-

, . 1
ions and anions'>?

Column: Develosil ODS-5 coated with taurodeoxy-
cholate; Eluent: 5 mM CuSOys; Detection: 210 nm;
-Analytes: NagSyO3, NaNOy, NaNOs, KI, NaSCN
(each 0.5 mM)

BRI CEMESRESN TV S,

SEEFEA A VHEEER 7O 7T 7 4 — % fixed-
site ion exchange B CHIHT 2MEHN L <20, MK
TvEZULREEI-T 4 YU AT AIC, Fig.
6 ICTRUIIED BEBEH VK VBRI 0 S EEE
22 B0 CHERLERESTTODh TS, X, B
Hgxa3—F 4 v 7RlIELTHOWTREOS S 7a< b
T LNBLENTVS., Flxidsy yaa— VEE Tt
DANKRZNVEEZRRULETVAVEBAA Y, TVA
DHESBA A ORIV R BB A, EolzT 2
FiES DR ORIEREM 2P U T Zwitterion B D ERE
Ik B8, B4 A+ Y ORBESHASEE S hiB,
Fig. 17 1C13, Fimesm (1I) BRI L 58, B A+~
OREBERNERH 7 O~ T ABER U, ZOEH
BUEOHABERZETAZEREVESTIIRLTT NV
FRMREZFHRLT, EEREHNOBEBEEACLLT VA
VeBAA Y, TVWH)LEERA L v O brlRes
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LB, ko kd i, A4 YHEEFRZu< 7T
T4 —BEERIOT N5 T 4 —DEELEZ LR,
MEBRCERERIC L8P EERE LS. B, 2O
MRHEE D — bobTh 7 LMD, KEBREKRE LT,
B4 A4 ¥ DRSS HE S 2B Al &
UK, BEXEEERUSBIZE > TI DL lEHE
WEL, COFHATOSEROBRPELATH 5.

43 FKEHBDR

Table | ICIXEEBERSLERE 7o~ 57 4 —%H
WHEEBRBOOMEZ % Lo/, BREEEBRTS
HAEFRRIC, BEK, B, £FK, EEH, THES5R
5 EOERERP ORI, BER, Bk & OEEE A
AURF NI A, TUYEZIAL, HYIL Ty
Db, ANV LIS EOEERA A Y OSITITIEAR S
NTad. X, MEEDEREGRISERE R RBED
HHAEERERETEE 05, BRPOEEE XS
BKROBRBOSICHICHIhTHS, Bz, B
EEERHEARTIIRESEBECEY) VB, KIE) VB,
WY VEEREHE) VBT ATV, 5 VIR EEHR
STBEHICER»yH 23, #4277, hikk, ¢

Table 1

KAGAKU Vol. 44 (1995)

Ol VEE, BEANLVEA VI ATV X T IVD5
FizbitHEhT V5.

—7, BA A VIO 0T HLBEBLRGEERHAR &R
WH MDA, TYEZDA, WYY A <745 YTY
L, AN LEEDEBGA & Y OSICIZARIN
TWAEL, BT I VEOSHbBEEILTVLAS.

Table | B> 6H3D 5 LI, A4 VRB|AT L2
e EESEAOEBMIZVDICH LT, BEITLE
AOukBERREGENEL< 20, Jhid, SEsEEY
Bk, WD T LT B8 R O BRE D
BrbOhX TV EBBEHDO—DELTEALNTY
BB oz kit 44 vBERLEDT, ABHD
7=y Ty TR EOHINEBOEEERABRL TV
», AETIEFORNAITEET S, EEFBSTD D
DYy 7)) v ITROBNEICE T 2 KE Y 5 E 2SR
FTEHEDNELNVWTHAD.

Pl EOERRICEN T S B ERHA A 70
v b 7T 74—, BRICHAEZERR TEARRE -
% 1990 N SN B2 E, #OLDATEFICIE S
NAEEEIZH 5.

Applications of indirect photometric detection chromatography

Detect/ Ref.

Analyte (sample matrix) Eluent Column o
HyPOs; , Cl, NOy , Br | 1 ~ 5mM orthophthalate (pH 3.5 ~ Nucleosil 10-SB 251~298 50
NO; ™, SO,*~ (river water, 5.2)
atmospheric pollutant) 0.3 ~ 0.5 mM Isophthalate (pH 4.6 ~ Vydac 302 IC

5.2)
Cl, NOs; , SO, 0.5 mM disodium phthalate Zipax SAX 240 91,
HCO; (rain water, river 138,
water, tap water, mineral 139
water, vegetable)
BrOs ™ (kamaboko) 0.25 mM potassium hydrogenphtha- Zipax SAX 230 140
late-0.25 mM boric acid
ClO3 ™~ (candy) 0.5 mM disodium phthalate ASA-4000 250 141
Cl~, HPO,, SO 1 mM disodium phthalate (pH 10) ASA-4000 260 142
(aqueous infusion)
Cephalotin; SO4*~ I mM potassium hydrogenphthalate- Dionex AS-1 250 143
0.75 mM borate
SOs%7, SO27,  $,05%7 2 mM phthalate (pH 5.6) Vydac SBAX 265 144
(by-product, water)
Cl™, SOs*7, SO (phar- 1 mM potassium hydrogenphthalate- Dionex AS-1 + suppres- 255 « 145
maceutical sample) 0.75 mM sodium borate (pH 9.1) sor
Cl™, Br, I, SO&7, 3 mM potassium hydrogenphthalate Vydac 3021C anion ex- 290 146
HPO42_, CH30803  (her- changer
bicide)
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Analyte (sample matrix)

Eluent

Column

Detect/ Ref.

F7, CI”, NOy, Br,
N03_> SO42A—> H2P04_3
ascorbate, malonate, tar-

trate, oxalate (river water,
tap water, city water)

Lactate, ascorbate, Cl ,
maleate, tartrate, citrate
(soft drink)

HPO,*~, CI°, NO,,

NO;~, SO4*7, uric acid,
SCN™, maleate, naphthyl-
sulfonate (environmental
sample, body fluid, drug)
Carboxylic
lactic, gluconic,
pyroglutamic (vinegar)
Cl™, NOs~, SO~
water)

acids: acetic,
succinic,

(rain

H,oPO, ™ (saline sediment)

Sulfonates, sulfates of Cg~
Cio (industrial ~ sample,
shampoo)

Phytic acid (food)

Pyrophosphate, trimetaphos-
pate, tripolyphosphate, tet-
rapolyphosphate, NTA,
EDTA, citrate (soft drink)

D-, L-Malic acid (juice)

Nat, K%', Ng**, Ca’"
(rain water, river water, tap
water, mineral water, veget-
able)

Na+, K+, Mg2’+, Ca’™" (tap
water)

Na®t, K*, Mg, Ca2t
(aqueous infusion)

Na*, NH,", K*, Mg*",
Ca®" (river water)

Na®, NH,*, K*, Rb",
Cs™, Mg2+, Ca®* (city wa-
ter)

Nat, NH,", K", Mg*",
Ca*" (tear)

Li", Na*, NH,", K%,
Rb*, Cs*, Mg*", Ca?"
(river water, milk, mineral
water)

1.2 mM phthalate (pH 6.0), 0.2 mM
benzenetricarboxylate (pH 6), 0.02
mM pyromellitate (pH 7)

10 mM citraconic acid (pH6.8) =1
mM m-sulfobenzoic acid (pH 6.8)

4 mM citric acid-0.1 mM cetrimide
(pH 5.5)/methanol

0.45 mM o-aminobenzenesulfonic acid
(pH 3.5)

mono-, di-,
acids; mono-, dinaphthalene sulfonic
acids

tribenzenecarboxylic

0.3 mM potassium hydrogenphtha-
late/acetonitrile, 0.1 mM
thalenesulfonate/acetonitrile

0.2 mM
acetonitrile

1,5-naph-

1,5-naphthalenedisulfonate/

0.3mM  Naphthalen-1.3,6-trisulfonic
acid (pH 5.5)

0.1~0.2mM 1,3,6-naphthalenetrisul-
fonate/acetonitrile

1.5mM Cu(OH)o-3mM L-tartrate
(pH 4.8)
2.5 mM CuSO4

2.5 mM CuSO,
0.1~2 mM CuSO,
1 mM CuSO,

0.1 mM C82(304)3

0.05 mM 062(504)3

5mM benzylamine-0.475 mM ED-
TAOH-1.425 mM citric acid (pH 6.6)
1 mM 1,1’-diheptyl-4,5-bipyridinium
citrate-1 mM citric acid (pH 4.3)

anion exchanger

MCI SCA-01

silica based SAX

TSKgel IC-Anion-PW

TSKgel IC-Anion-SW

Waters IC-Pak A

fluoropolymeric ~ weak

anion silica
Shim-pack IC-Al

Hamilton PRP-X100

TSKgel IC-Anion-PW

Zipax SCX

Zipax SCX
ASC-4000

TSKgel IC-cation -+

Zipax SCX
ION-210

Merk Polysphere IC
CA

TSKgel IC-cation-SW
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920~270 55
954 104
910~230 27
302 40
940~310 64
985 153
285 95
295 66
280 67
981~283 73,
74
220 91,
138,
139
220 84
920 142
225 101
254 75
954 147

257

300
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Analyte (sample matrix) Eluent Column Ditfrft/ Ref.
Cl™ (tear) 0.5 mM potassium hydrogenphthala- Polysphere IC AN 260 147
te-53 mM ethyleneglycol/2-propanol
F~, ClI", NOy, NOs~, 0.7mM potassium hydrogenphthala- TSKgel IC-Anion-PW 265 148
PO, SO~ (tap water) te-0.I mM  sodium tetraborate-0.5
mM boric acid-0.1 mM HEPES-0.05
mM  sodium hydrogencarbonate-5%
butanol (pH 7.3)
HCO; G, NO; , 10 mM phthalic acid-0.15 mM HEPES MCI GEL CK-10S (re- 260 99
SO4* (river water) (pH 7) moval column) + MCI
GEL SCA-03 (analyti-
cal column)
Acetate, lactate, formate, 0.5 mM disodium phthalate MCI SCA-01 240 92
levulinate, Cl7, NOy ,
HPO,?”, succinate, male-
ate, tartrate, SO,%" (wine,
beer, sake)
3-Hydroxybutyrate, lactate, 1 mM potassium hydrogenphthalate Partisil 10SAX 296 10
pyruvate, acetoacetate, Cl~,
NOs ™ (serum)
F~, CI7, NO,”, NO;~, 0.8 mM potassium hydrogenphthalate Hamilton PRP-X100 265 149
HPO,*”, SO,*7, acetate, (pH6.8)
formate, HCO3;~, propion-
ate (natural water)
H,PO,~, CI7, S0s*7, 0.2~2 mM potassium hydrogenphtha- Dionex AS-1, Wescan 233~250 150
SO,*7, lactate, acetate late (pH 4.11~9.1) 269-001, Vydac
(pharmaceutical samples) #3021C
Oxalate (pharmaceutical 1 mM potassium hydrogenphthalate-2 Dionex AS-1 250 151
sample) mM borate (pH 9.1)
Carbonate-carbon (rain wa- 0.5mM sodium hydrogenphthalate- MCI SCA-02 250 98
ter, tap water, river water) 0.15mM HEPES (pH6.5), purged
with Ny
Methylphosphate, ethyl- 0.4 mM dipotassium phthalate (pH Waters IC-Pak Anion 272 93
phosphate, propylphos- 8.5) LC
phate, butylphosphate
(plasma)
Acetate  ester, HCO; 1 mM phthalate-0.15mM HEPES carboxylesterase im- 280 102
propionate ester, butyrate (pH 6.5) mobilized columun +
ester, isovalerate ester (flav- MCI SCA-02 analytical
or, food, additive) column
Cl™, SO, NO;~ (river 0.4 mM 1,2,4~benzenetricarboxylic TSKgel IG-Anion-PW 258 51
water) acid (pH 7.5)
HCO; ", CI7, NOs; , 0.4 mM 1,2,4-benzenetricarboxylic TSKgel IC-Anion-PW 270 152
SO4*™ (river water) acid (pH 7)
F°, CI', Br, NO;, 0.55~5mM pyromellitic acid (pH Hamilton PRP-X100 307~331 54
SO,%7, S,05%7, 17, acry- 4~5.5)
late, methacrylate, maleate, 3 mM pyromellitic acid (pH 6.1) Tonosphere A 296

fumarate
water)

(vegetable, city
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Analyte (sample matrix) Eluent Column Diﬁft/ Ref.
Methylamine, dimethyl- 10 mM CuSOy4 Aminex A-8, A-9 240 154
amine, ethylamine, trimeth-
ylamine, diethylamine,
triethylamine (soil)

Ca**, Mg®*, €17, NO;~, 1 mM EDTA (pH 6) TSKgel IC-Anion-SW 210 28
S0.*~, HPO,””, SCN~
(river water, snow, drink,
saliva)
Cl7,NOy; , NO; ™, S0, 0.2 mM pyromellitic acid (pH 5.5) TSK QAE-SW 262 56
Mg, Ca®" (rain water,
river water, tap water)
Cl7, NOs;~, SO27, Mg®",  0.1mM 1,5-naphthalenedisulfonic ~ TSKgel IC-Anion-PW 286 63
Ca’®" (river water, tap wa- acid-0.05 mM EDTA (pH 6)
ter, hot spring)
Cl7, NO;~, Mg?", Ca?*  1mM phthalate-6 mM EDTA (pH  Shim-pack WAX-1 280 71
(tap water) 6.57)
NO,; , NOs; , S0, 4mM benzyltributylammonium~-0.14 LiChrospher RP-18 262 155
ClOs;~ (explosive) mM hexane sulfonic acid-7 mM phos-

phate buffer (pH 5)
Cl~, NOy;", Br, NOs , 8 mM tetrabutylammonium-1 mM Partisil 10 ODS-3RP UV 156
SO4%™ (rain water, aerosol) phthalate (pH 6)
Cl™, Br, NO; , SO2~ 0.4 mM tetrabutylammonium-0.5 mM TSK gel ODS-80TM 300 121
(river water, tap water, sea 1,5-naphthalene disulfonic acid
walter, rain water)
NO,”, NO;~, 8SO&° 0.5mM 1,3,5-benzene tricarboxylic Supercosil  LC-18-DB 254 126
(ground water) acid (pH 6.8) coated with cetyltri-

methylammonium

Ca’**, Mg?" (wine, bever- 0.1 mM CeCls Develosil ODS-5 coated 253 131
age, well, tap water) with taurocholate
F (urine) 0.8 mM nicotinate-0.0l mM  urate Capcell pack Cl18 co- 245 127

(pH9)

ated with cetyldimethyl-
butylammonium

5 fRICRIEEERRHIE

51 WABRXERHEZDRE

FERBEENSEET D EE, ZOEBVICE > TEHR
BUNSRLDLENDD. DL, ERGOHEHT
BREEMICOVT b ERERSOBEW. S U T
W5, zua< N7 4 —IT &k BNERMESHIRICE
TEHINT ORI, YT AT LI —-~OFE(LR
WONFEFEEEEHORREE LI EOONTEZ. L
»L, ThSOHEEFELICHES BRI RZEIThT
HEEHOBRZEDORMEZBHLTNS., IhITHU
T, MRS S OB, NEBEEHEIC K S8
BIESL T 7 I F—AROBENEPTHRINTNHE S

DD, BRERLBEEOETHETESHDOTIIAZN. &R
SE, EEMHEIC & IR & BRI OBERLIC
BT B RETERHESRES ALY, T,
R FE D HEIN & B O T & MRHTER & 3 5 AT DORZE
WM % B ICHERERSICHARR S ¢ I fHE L
BEHENTEB. :

AR ICES < HFEROBIBE % Fig. 18 IR U 7225,
TU—E)VOBEBIZEXTEREL TV, XELHOD
Y (FY) M7a—tkNEERTAEE, JOFRIIEE
EEMENSTEEST S &, FRICHRLU CERXORIEE
HEEET 5. RAT 2B 2 BBIOREIXE DR
& Rt TR DR T A ICETE U CIRE 5. HEAOL¥R
EUTERBOEN - TRECERBSRZAVS &,
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Fig. 18 Operation principles of polarized photometric detector

159)

(A) schematic construction: S, light source; Py, Py, polarizers; FC, flow cell; PD, photo-

diode.

g m
s
3
]
FERb
=2
X
o™
] 1 1
0 5 10 min
f

Fig. 19 Chromatogram of sugars'>®

Column: TSKgel Amide 80; Mobile phase: ethanol/
water (I :4); Detection: 490 nm. Peaks: f, fructose
(3.3 pmol); g, glucose (2.8 umol); s, sucrose (0.9
pmol) ; m, maltose (1.1 pmol)

BRERETHEDT, 7u—LIVOHERIKELED 1K
WA FEBALTREEEEZES LIk, CORA
PHEATES., C0&E, BRAEEOEILR (AAbs) &
BEE (8) ORMICRU6) BRI T A EhExHI A

(B) vector diagram of transmitted light

72159,

AAbs=2log etan a8 (16)

2T, ald 2 OB TFOIERMAE
mFRT.

(lal>181)

52 RAMKEHRHE

L RBIDEN - AREBCERHAR 2 BIC U T Lt
BER IO U R ERBBSRAIEI N, 20
RHEE, B E0rbun0nlBgET, &£ GO
Rl z0BaERBIETE 5. Fig. 18 DLHICT 1B
GEIERD oRYETENICHL T 2 #E (ZXEBH) ofF
HFE#ES L, U (BABHPHRT)EIC a BEEL
E&, R6) L0 ERMEME (F<0) BBCE DR
(AAbs<0) 24U, GHREEME (B>0) ERNXED
BN (AAbs>0) %49 5. Fig. 19 ICEARBRHERIC &
BEFAHEORBER OGO 7 F UK, v all, %
OO~ b 7T ABFERLTVSDY,

COREBD a % 45° LED, BILREEE%
500~600nm & U7z (FKk SN HhZ 52 2 HRHEARK) &
F, £975%X107%" OBHETR (S/N=3) »Es5hTL
5. BRI, /N ISEFEREAZEIIEE, X
LVE (REE) 2BE<L 753 EHEINSY, BRE
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Fig. 20 Chromatogram of mono-, di- and oligo-
saccharides'®

Column: TSK gel Amide 80; Mobile phase: acetone/
water (2+1 to 1+2 over 15 min); Detection: 530
nm. Peaks: Gl, glucose; G2, maltose; G3~9, mal-
toriose and higher saccharides with numbers indicat-
ing degree of polymerization

ERTREKRDY v IV BI 70— VDORFEEIETTY
< EREZRBIARICHES /4 AE—- BE U CRERL
BT L5128 5, CORBEROREL2EMELT,
WA TS ULIZATY v M7 O—-w USEIEX N, &
NEHVWTRE S RBALEGFZHAVEE Y, ¥, £V
TEO—ESHPBE Sz (Fig. 200! ch oD
EMEOREICESNT, &0 EEEsHRRRE
BB ORI EE SICLVETRTH 5.

53 RABRNEREEDICH

TRICBCERR MR DB E 1T T 5 8 DR
&, KREHABOI O D ORILENSERL TS 2R TH
fleds., B, KEExF v v T4 -2 EORBICHEK
BELUTHEMENE T F /) — ZDFHID R B RICH
fnanz D-V Yy TEREC DIEABOBEICISHEINT
SRAFEL TVNBH,

6 B HYIZ

BHERHEREE 7O N 57 4 —ICBLTEDS
FRasnTWEERRETH Y, BRICZDREOA L
HIBHBRII OV THLTHRIERE LD EEZ LN
Tz, UL, BAEOEINEEMDD VT SR

B, AR &k 0w 757 4 —IB Y 5 BBROERHEOR B 433

BT H 5 & ARRTRERNERHED FEIIRERD
HOEEERHEOEEMEZEEL, /1A 7a< b
777 4 —OEBTAE LTEBEW L. BT, LRI
LIGH S N CREBAERHIEZ £ A . FRFIITIC
COIOWEREEDERN, ZOELTHRLVELE
MBI, SBLEEE2RTENL, INhE TOBENE
BEBAINROMBICERBIEE UTCES T 2%
fahE TIN5,

ABHOBREILH 20, BESEPELZ VW ILZVIER
KEFEFIEE PR EE R T — BRI R L £ 7.
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Advances of indirect photometric detection in liquid chromatography (Review).
Kazuichi Havakawa™ and Atsushi Yamamoro™ (*Faculty of Pharmaceutical Sciences,
Kanazawa University, Takara-machi 13-1, Kanazawa-shi, Ishikawa 920; **Toyama In-
stitute of Health, Nakataikoyama 17-1, Kosugi-machi, Toyama 939-03)

New photometric detection methods developed for use in liquid chromatography have
been reviewed. Differential photometric detection using UV-visible absorbing modifiers
enabled us to examine the retention and detection mechanism of not only analytes but
also mobile phases. Indirect photometric detection ion chromatography based on this
theory separately and sensitively determines ionic compounds using a conventional high-
performance liquid chromatographic system with a UV-visible absorbance detector.
This method is useful for many kinds of samples such as environmental water, foods and
biological materials. Polarized photometric detection methods with two polarizers on
either side of a UV-visible absorbance detector flow cell have been developed. The
monitor determines optically active compounds as the change in absorbance. This
method was effectively applied for determining sugars and organic acids.
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