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Development of Laboratory Automation Liquid Chromatograph

Jun-ichi TOEI
Nobuyuki BABA

Recently it has been pointed out that laboratory automation (LA) just as office automation has a great

power to speed up daily experiments in research laboratories. Based on our conclusion that liquid

chromatograph (LC) should play a key role of LA, we constructed a new LALC system for the coming LA

age. This LALC system controlld by computer is fully automated, very flexible, and features many unique

functions. In this paper, we describe the details of our LALC system and its successful applications to flow

injection analyss (FIA).
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Fig. 1 Classification of liquid chromatography
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Fig. 9 Reproducibility test of injection
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Fig. 10 Temperature gradient pattern
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Fig. 11 Temperature change of reactor

Fig. 12 Flow diagram of old-type LALC system
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4:Flow change-over valve
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Fig. 13 Structure of 7-port valve
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Fig. 14 LALC flow diagram
1:Pump 2:Injector 3:Flow change-
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4:Column 5:Reaction tubing 6:Detec-
tor
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Fig. 18 Print of system condition
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TSK-LALC SYSTEM
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{b) Pump controll display

Fig. 20 Display of LALC
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Fig. 21 BASIC program of LALC
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Table 1 Comparison of LC and FIA
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0 2L RE% 7L o MR
) RIS

7 LC & FIA OB L5 & B RBEN T, HEXS
HLIBIKLRS 6N, LC FIA #LTCIC(A A2
v FF57) BIURSGEZ e i BV TEEBICER X
NOBERLT LRI TR, Fho2EBLEY
FRINLETOSHEEEE LT LALC 20 &+
TR KB ETH B, Table 1 K F#DHEAMOHE TR
L7eds, ZThALHRERICOWTIISREBINCH =L
VW T2 <, 4o LALC v 25 Ak CCP
& 8000 vV - X ~N— 2 BHENLHISE LI D L
Bx%,

T FIA oW TEESRBLOICRAGE #BER L
2, Zohth Z st FIA, FIA Bl 2~y 7
F7wr— FIA iIZ2oWT3BIDGHEMIZREA Lz,

(1) »5 4k FIA
AELBFEBRELTAWS FIA L3565 8R0TH
MrERT5 LC oREGLIEERVDYS [0 5
A (#7264 FIA) LEh AL AR LTE
DEEN T AEBL, TORADOPICEREEALT
BT ANTRIGEDENFARCEZ Y FhEE—7 L L
THWTHENS HETH D, 4E/I»CHMHRER
BWTZoh 7t FIA #H%dchh, BRIl
& Mg, Ca oSICICALEIVWEREZBTWS, 20
NE Ca HASHET TSK-CAOL izoW Tixiz—
WahsE  -ARLTHWBZD NP TEOEE %
LALC v 27 AD—¥ & LTHE L2,

Fig. 22 2DV XAF LD 70— FA ¥ 55 ATh
. ROFHOBHEEZTOEED T JIBER L SHEK L
LTHW A TH 38, BEEG TORKOLRELIC
RRMIEY D 20 T HEELBEARE L TALERE
L, 9% (T2bbh54) OBEFTEERLESS Y
THRORMEERIETHWT VAT LA LI,
AFELLTIREPC (/v —n7¥LArayrFLxy
V) BERW, 25 A FA LB (TSK-IEX-
SCX) #MVW, ¥L—+RAE (S84 PC) LrF

CAT +Z4%— CA01

-

2
3 1 g

Fig. 22 Flow diagram of CA analyzer
1:Pump 2:Mixing column 3:Injector
4:Column 5:Detector
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7 FRBIE & OM&Iz 545 Ca £ & 1 Na og@fn:
n#EPG Na & Ca BIU Mg Bo#shaicEic,
LA Ca 28 Na Xy RicBEHET 25 55 Wk %
»db b, Fig. 23 Zfaf&IE+ o 50ppb @ Ca #f[o
B LKEALEED nv ¥ — FTh b,
EXFEED Na ORERETLDICLER - {71
PETHBMEE R, Lo bR & 08k < IR i
B0 Ca 0N TcEbnThs, BEEEBKFO
BMERD DOV —F oz LC, FIA oA
EIHIIFEBICET 5,

(2) FIA S

fRMETTH - BTS2 L e 3 258 mE o BB
RORITTHAREORFERED 1 >Th - 7223, FIA
OHB CHEEHREO BEMERBO TER R BD Lo,
FIA BEBEOX — R4 2 bRz b kML E8AD
BIER DB H - 7225, SERFLVEALBL UL 257

Na

Injection

Detector responce

Ca

| 1 i 1 ] ' 1 I ]

Time (min.)

Fig. 23 Analysis of calcium
Eluent;1 mM PC 0.2N NH,OH/NH,CI
pH 10.5
Column;IEX-SCX 7 mm i.d. X 10 cm
Detector; VIS 575 nm
Sample;50 ppb Ca in brine
Sample volume;500 uf

L RBER LERN L HS BRI LTz, Fig. 24 i34
R L7<R Y 7a, SUS Blowmtlt L 2R 00, 0
MESORNCT 7 v o7 4 s — 2B T 7 v L OB
EOBFMEEFAH LBEBAZKE» L Lz, £/
ETEF ML ER T 5720 Fig. 256 0k Hn
VAT LERAL, BREAICHERERS L T R8T
TK, BEMOEORE # T RE 2 H9BE 2 WL
L7ce ZHIZE-T, Fig. 26 iZi3AF L T—%H
W RHEBRER O, Fig. 27 KE2—7 VT4 F 2 A
ERW Ni oS HBI 2R L7,

(3) Aby7K70- FA

FIA OE#D1 2L L TERIEKUBENRHIF O,
REBRKI T F~ORMANEHEFEhTWS, L2 AT
BRSO CH SRR AV RERE 5D, K6

Detector
(organic)

aqueous waste

Segmented phases in

Fig. 24 Organic & Aqueous Phase Separator
1, 4:Stator 2, 3:Separator Block

Fig. 25 Flow diagram of FIA-solvent extraction
system _
1:Pump 2:Segmentor 3:Injector
4:Reaction tubing 5:Phase separator
6:Flow controller 7:Detector
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20ppm

0.0320D 10ppm

-
4min

Fig. 26 FIA solvent extraction of anionic surfuc-
tant
Aqueous phase;0.1 N Na,B,0,/NaOH,
pH 10.0, 0.8 m2/min.
Organic phase;20 mg/0 Methylene blue,
CHCl3, 1.2 m8/min.
Detector; VIS 650 nm 0.32 O.D./FS
Surfuctant ; Neo-pelex

CREEZLEE T3 0MENERAESNT, £hody
WROBRSH* v M bSHMES S L 5iciziz-T
W3, LL, Thoxy MIBEKRESE cREOEE
THOWNT 2D TEHER I WL ODO— RO H M
PIXE TN a3 -2 EAFOEBTHF LIz E oot
BIICHTERWREEH > T, FZ TRy 7 F
7u—h% FIA ST & EbicHioBRKEEx
v hEEFOEEHAL, X LALC 27 AT Na—
ZADFHETRWERT HER /Y,

Fig. 28 [C# DL R F L7 n— k7T, REHL R
RRARICOE L TEAT DA — M v 75— B0
2EO6 A NTE, BB R dhoEepE bR+
7z CCPM 7w — 25900 MERERER L
feo BEAANEHG 2ECEILREBRIESL LAY, %
7z CCPM @ 1ut HADHERENLSELWY XT A
FHEDRENAIREL 0o 7, Fig. 29 2ix 3, 5 g/L
DINA—=ZADENFOY 7+ %, Fig. 30 i2if 2,
58/ DSV I—RDE— 7 B BBERDT—

(1)
o

G-

Fig. 28 Flow diagram of stopped—flow analysis
1:Pump 2:12-port valve 3:Detector

10ppm

0.0320D

5ppm

uUL

Fig. 27 FIA solvent extraction of Ni
Aqueous phase;0.1 N NH,OH/NH,C],
pH 9.5, 1 m#/min.
Organic phase;200 mg/8 Dimethyl griox-
ime, CHCIl;, 1 m#/min.
Detector; VIS. 450 nm 0.32 O.D./FS

-
6 min.

&2 R LT,

B X v MEEORICHR L ) 208 4 4 THH S
ABEIC /e B & & biT, RKBERYFOMCER Th -7
EEHRINX Y P B3E0OEEOF ¢ FIA KIS TX
2ERbh 2Tz, Zhick VY LALC & 27 A 234
L5 55 EBBRENCIL N2 2 5,

(A)

(B)

0.128

<
1 min.

Fig. 29 Signals in flow cell
Detector: VIS 575 nm 1.28 O.D./FS
Glucose concentration:(A) 5 g/2 (B) 3 g/
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Peak stop time
Height O 2 min.
em)
©4 min.
® 6 min.
10
5
| 1
2 5 g/l

Fig. 30 Calibration curves for glucose
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