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Fig. 1 Principle of differential chromatogram

method in single column ion chromatography

(A): blank chromatogram; (B): sample chromato-
gram; (C): differential chromatogram obtained by
subtracting (A) from (B) and amplifying.
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Fig. 2 Schematic diagram of stepwise elution/sin-
gle column ion chromatography
Abbreviations, as in text
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Fig. 3 Differential chromatogram of inorganic

cations

Chromatogram: (A) sample chromatogram; (B) dif-
ferential chromatogram obtained by subtracting
blank chromatogram from sample chromatogram af-
ter amplifying and changing polarity. Eluent:
CuSO,; 0.0 mM(0~5min)—3.0 mM(5~ 10 min)—>
0.01 mM(10 min~). Peaks: 1LNat (0.05mM): 2, K™
(0.05 mM); 3, Mg®" (0.2 mM); 4, Ca®" (0.2 mM).

Table 1 Detection limits, quantitative ranges and
RSDs®

. Detection Quantitative range/mM o
Cation limit”/mM (Correlation coefficient) RSD, %
Na™ 0.01 0.01~ 0.2(0.996) 2.1
K* 0.01 0.02~ 0.2(0.997) 2.9
Mg?" 0.02 0.02 ~ 20 (0.999) 2.3
ca®™  0.02 0.02~20 (0.999) 4.7

a) RSDs, relative standard deviations; b) signal/
noise=3

BHBHILITEDEHEEEE A 4 Y O—F o6
THBHY., BURT v E_ I ARATHEE LK) T
7 U— MEiRE% FE T A U 72 Shim-pack IC-A3 4 7 A
ERWICEEDO7 S NVEETF M) U LK (pH 7.0) D
REE— AR (FLEE, B8, 7ot VB, ¥R)
A4y, —flEEEEA 4 (R4 4, EEEA A
v, B4 A+ v, WAL, I i4y), Z

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

820 BUNSEKI KAGAKU

MERREA 4+~ (REEA A >, FAHBAS V) RUO=
MiHEERE (7 ZVB) 44> ORBEEOBFREFH
t:5,75w@:+buvA%§ﬁumm4®&
, AR R MR A 4+ > (24 A~
%@<)w20ﬁumk YEEAH X N As, 34
v RO hEER A 4+ v oiHIci 30 SRl R
PELBRON LUy EIE4RBEDE2ELL. 79 0VE
ZF M) LBER 15mMIZd 5L, 7T VBRI 25
FCHEH LY, —HAKBROS#ESIR+HTH - 1.
EITT7INMBF M) LHBEES 03mM & L,
EERET #2070 EBEA 20 551212 0.3
mM 25 1.5 mM T, 50 BHEICEHC 0.3 mM 2] 0 #
At CORBRHEEEZ 270nm IKE® (ZD&X 03
mM KO 1.5mM 7 VB ) o LAORNEL,
ETREN 019 XU 0.95), MR N % 7— & 0Ess
ICRCR S ¥ 72, Fig. 4 1213 12 B OE KRS & OB 4
AU EESUCENOZ IO NI A (0595 225F
T 8OXI0O P MAET VA — ), #hlliE 3.2X102
WHET VA —)v) RRTH, HBEIEE LN — X
FAVEIC12BDA A Y- BT RTBRETE .
Table 2 IZZHABA A v OV -7 E3HEICLBBHT
B, EEHH (HEGRE), HBEERZELTY. Bl
THRE I —, iR 4 4 > & BERIL 0.002 mM
»5 0.03mM OHEBIZHY, BRLBHOEHWY = /R
TH 008mM Th-o72. CHAHDEIZVTIAE T A Y
77T 4y VIBHETEINEERIUTH 1. K
ERA A VBE LY - B OMEBREE, wInd
0.996 LA ETH 7. —MiEKEA A+ v OEBHEBO L
BRAMD £ & I B U TERVWEBE, 8B4+ v BE
WO5S5mM Pl EICKE2ES T FIN LRSS T — &
BOPEREEEHBZB2 5120 TH5H. FhFIOD
AR A A CBED 0.1 mM » 5 0.5mM OERET, F
BEEOHTEEREIVTIAS 5% DINTH - 72, Ll
FoRIEI/ O NI ABICED, BBATELYE
AUTREBIN TSR ZEZRLTWVAS,

4.3 EHEMIICETEIN-XF51 FH)

Fig. 3 (B) @ 6 &, & % id Fig. 4 @ 22 Hfhik
EBIIOIDRER—-2A54 VEEESR LN, DERE
BEBEBHROBCEPREEICEODT S
BIFEILT 2L iCHRT B0, chkEhbEE
R OSSR IC 2 5. 22 CIORCESLE
kB L CEER LI &2 A, 8 BRER O T 0.01 K
KELITTH -1, ORI S, R—ZAF 4 VITKkx

Vol. 43 (1994)

r—0.008 AUFS [——0.032 AUFS

I 5 9

10

) 1 1 ]
10 20 30 40 50

Time/min

[y g

Fig. 4 Differential chromatogram of carboxylates
and inorganic anions after changing polarity

Eluent: disodium phthalate (pH 7); 0.3 mM(0~20
min) = 1.5 mM(20 ~ 50 min) — 0.3 mM (50 min ~ )
Peaks: 1, lactate(0.2 mM); 2, acetate(0.2 mM); 3,
propionate(0.2 mM); 4, formate(0.2 mM); 5, ClI™
(0.2 mM); 6, NO,™ (0.2mM); 7, Br™ (0.2 mM); 8,
NO; ™ (0.2 mM); 9, SO,27 (0.5 mM); 10, S04 (0.5
‘mM); 11, I” (0.5 mM); 12, citrate(0.5 mM).

Table 2 Detection limits, quantitative ranges and
RSDs®

Detection Quantitative range/mM RSD. %

Anion limit”/mM (Correlation coefficient)
Lactate 0.002 0.01~0.2(0.996) 4.7
Acetate 0.002 0.01~0.2(0.998) 2.3
Propionate  0.002 0.01~0.2(0.999) 2.0
Formate 0.002 0.01~0.2(0.999) 2.0
c1- 0.002 0.01~0.5(0.997) 3.4
NO,~ 0.004 0.01~0.5(0.998) 3.0
Br~ 0.004 0.01~0.5(0.998) 3.8
NO;~ 0.01 0.01~0.5(0.999) 2.7
SO2~ 0.01 0.01~2.0(0.999) 4.0
S,0,4%7 0.02 0.02~2.0(0.998) 4.3
I~ 0.03 0.05~2.0(0.998) 2.5
Citrate 0.08 0.1 ~2.0(0.999) 3.6

a) RSDs, relative standard deviations; b) signal/

noise=3
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Fig. 5 Chromatogram of carboxylates and inor-
ganic anions using conductivity detector

Eluent: sodium hydrogenphthalate (pH 6.5); 0.1
mM (0 ~ 8 min) = 2.0 mM (8 ~ 20 min) — 0.1 mM (20
min~). Peaks: 1, lactate (0.1 mM); 2, acetate (0.1
mM); 3, ClI7 (0.ImM); 4, SO, (0.1 mM);
5, NO; (0.1 mM); 6, citrate (0.1 mM)
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R, B TRAEIZ 0.006 mM 2> H 0.03 mM O&FHIC
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Table 3 Detection limits, quantitative ranges and

RSDs®

. Detection Quantitative range/mM 0

Anion limit®/mM (Correlation coefficient) RSD, %
Lactate 0.008 0.02~0.3(0.999) 1.9
Acetate 0.008 0.02~0.2(0.999) 3.6
cl- 0.01 0.01~1.0(0.998) 5.0
S0~ 0.01 0.01~1.0(0.998) 5.3
NO;~ 0.006 0.01~1.0(0.999) 5.5
Citrate 0.03 0.05~1.0(0.998) 5.8

a) RSDs, relative standard deviations; b) signal/
noise =3
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Effectiveness of differential chromatogram method in single column ion chro-
matography using stepwise elution. Toshihiko WaTava, Kazuichi Havakawa, Kyoko
Nomura and Motoichi Mivazaki (Faculty of Pharmaceutical Sciences, Kanazawa
University, 13-1, Takara-machi, Kanazawa-shi, Ishikawa 920)

The differential chromatogram method was useful to reduce large changes in back-
ground response in single column ion chromatography using stepwise elution. Cations
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(Na*, K™, Mg®" and Ca®") were separated on a cation exchange column by stepwise
elution using both 0.0l mM and 3.0 mM copper sulfate eluents and detected at 230 nm
by indirect photometry. Anions (lactate, acetate, propionate, formate, citrate, Cl
NO, , Br~, NO;~, SO,*7, S;05° and I™) were separated on an anion exchange col-
umn using both 0.3 mM and 1.5 mM disodium phthalate eluents and detected at 270 nm.

This method was also successfully applied to conductometric detection.
(Received May 17, 1994)
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