
At present, scvcraI types of columns art avaiJabIc for bigh-~orma~~~ 
liquid chromatography (HPLC), pit.: (1) ordinary HPLC columns; (2) ‘micrct 
.HRLC cdumnsl; (3) 0pen-t.u~ micr~pillary columns’-‘; (4) packed inicro- 
cqdky 001~; and (5) packed iukrobore columns=~~. 

~~~oftypes3,4andShavtbighcrefficienciesint#msofttpcn~~of 
theoretical pIates than HPLC or micrMXPLC_ For exampk Scott and Kucua’O 
pro&xc& a 10-m microbore column by COME in series cohmns (1 m x 1 mm 
I.D.) packed with Par&l 20 (parMe diameter 20 pm) for exclusion chroma~ 
gmphy and achieved 250,m &ore&xl plates at the dead votumc (ntcntion tine 
4.6 h). 

Micro coIumns (10-20 cm x 0.2so.s mm 19.) are used in micro-HPLC’, 
which is advantageous in that the amount of sampIe requkd, and the consumption 
ofmobiicphaseandexpcnsivepackings,aregreatIydecnsed in comparison with 
ordinary HPLC. High p&ormance in this tcchuique is aIs achicWd without wall 
&i&s or extra column &ii baxusc of the devclopmmt and improvement of 
detection, conjuuction and injection systems. 

The flow-rate of mobile phase used in micro-HPLC does not exceed ea IO@/ 
min, which makes feasible the direct coupling of liquid chromatography (LC) to 
mass sg~~Wometry (Mw” by using an appropriate jet separator or ncbulizcr. 
Atiow-ratcofkssthan 1@/minwoaldbemorcadvantagcousforthedhuS 
w~~ofLCandMS,bntsuchalowffow-ratcwouldgnatly~~anatysis 
~MicrocoIomnn(whichhavcamFEFhsmallcrintanalvorunmc~mi~ 
HPLC columns) are needed in order to overcome this probkm. 

-AL 

‘Iht appatahrs used in this work was almost identical with that pmi~tdy 
ckscrii for use in opcstubutat micmcspillary L-s*‘. The homM.uade flow cdl 
2mm~0.18mmI.D.)wasmorrntcdinaJascoUVIDEGlOOUVdctcctor(Japan 
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TbecamofHETP~lin#tYCloCityforamicro-HPLCwlumnisalso 
shown in Fm 2 The resolution of such a Pyrex glass wlumn is high, and its 
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well with that of an micru-HPLC wlumn, despite its small 

‘The separation of some aromatic hydnxarbo nsonaFyrexglasswlumn 
(10.6.m x 0.12 mm LD.) and on a micrc+HPLC wlumn (9.8 cm x 0.50 mm LD.) 
is illustrated in Fig. 3. The six components are -*WI in cu. 10 min on the 
ultra-micro column, and the sensitivity in ultra-micro-HPLC is apparently some 
10 times better than in micro-HPLC owing to the decrea& peak broadening. 

Unfortuuatcly, the opetating flow-rate cannot.bc attained instantaneously; 
owiug to the stopped-flow injection method used, so that the retentioa volume must 
be corrected (this problem may be overwme in future by using a flow-injection 
method). 

The separ&ion of the aromatic wmpounds on short wb&ns is shown in 
Fw 4 (tat sampks and flow-rate are the same as in Fig. 3A). Both 5-cm.and 3-c+ 
wlumns gave big&-resolution if the a ppropriate wmposition of mobile phase was 
used, is., acetoniMc+atcr (60:40, in the f&mer instance, and 5050 b the latter). 
TheHETPvaluesoftbcseshortwlumnsaresmaIltrthanthoseofa10-cmwlumn 
(m Tuex),. which bld!GSeS that extra wzrrmn’ cf&Cts arc IlcgE&Me w&b theSe 
shoti w+ms.~In addWon, F-mfEm was obMned.with a whunn kngth of 
a= . -.-’ .: _ _- _ _- .’ . . 
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. biphqnyl and pyrcne, nispu&ly),‘and no d&oration, such ag skew of peak shape 
duetooverI~waso~intheserange& 

Ultra-micro-HPLC columns of I.D. 0.14.15 mm and length 3-20 cm gave 
good resolution, without undue column cf&ct or wall cff&ct. The internal volume 
ofsuchacolwmislessthan l&andonly lO~ofmobilephaseisrequiredto 
separate six aromatic compounds. This work sqgcsts that ultra-micro-HPLC 
oE&s a valid ‘method for aaalysin~ trace amounts of samples and for the direct 
co- of LC and MS. The dinet coupling of u&a-micrc+HPLC and MS is 
CurWtly b&q inv~ .% . 
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