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I. INTRODUCTIOX 

in the interfacing of a high-performance liquid chromatograph to a mas; spec- 
trometer (HPLC-IMS) there are three fundamentat problems to be o\erco~.c. 

(1) How to make the mass spectrometer (Lvhich can handle 25 cm3 min - * of 
gas if configured for chemical ionization (Cl)). compatible x\rith soi\cr; flow-rates of 
the order of 1 cm’ min- ‘, which result in gr?s Lolumes in the range of 150-1200 cm3 
min-‘. depending on the sol\cnts used. 

(lj Introduction of the solute into the mass spectrometer so that mass spcxtral 
information ca be obtained from it and it does not undergo thermal decomposition. 

(3) Coupling of the high-performance liquid chromatograph with the mass 
spectrometer so that there is no loss of chromatographic performance. 

There h;?x been a larse number of different approaches to the problem which 
have been described in a number of review articless’-r ’ and in this volume. This paper 
reviews the progress that has been made with one of these approaches. i.e. interfaces 
of the transport type. 

2. HPLC-MS INTERF.-\CES OF THE TRANSPORT TYPE PROVIDING ELECTROV IXclP.r\CT 
AND CHEMiCAL lONiZATlON DATA 

The development of interfaces of the transport type originated with Scott er 
ni.‘s studies using a moving-wire system”-‘;, vvhich was based on the Pye Unicam 
moving-wire HPLC detector. The interface consisted of a moving staidess stad t\Gre 
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lvhich sxmpkd the column eluent. solvent was removed in two differentially pumped 
chambers through xhich the Hire passed. Solute was vaporized into the combined 
&ctron impact (EI).‘CI source of a quadrupole mass spectrometer by electrical heat- 
ing of the vvire. The svstcm vvas shown to work vvell. providing both EL and CI mass 
spectral data from complex mistures. and showing minimal band dispersion. There 
were tv.o problems with the system: relatively poor sensitivity_ hecause less than 1 ‘f,; 
of the column eluent was taken up by the vvire. and the fact that the transport system 
\vas not continuous. 

McFadden rr al.” modified the approach by the use of a continuous moving 
belt and were able to achieve improved transfer efficiencies and hence better scnsi- 
tlhiry. Initially ;1 stainless stwl &It was used; this was later replaced by a Kapton* 
belt. The former system. although exhibiting better wettins properties for aqueous 
solLent systems. caused thermal decomposition of samples. Kapton being a more 
inert surface provided esceilsnt spectra from low \oiatilit> and thermally unstable 
moiecules_ since the samples \\ere flash-Laporized into the ion source’. the cffzct being 
similar LO thlrt observed in direct probe studies using rapid heating of sample from 
inert surfaces such as PTFE”. Problems were encountered with the early design of 
this interface in handling more polar solvents at the Ilow-rates used for HPLC. This 
was partially overcome by the introduction of an infrared (IR) heater in the area prior 
to the first vacuum lock’-. Even with this fxility a low dead volume splitter is 
nccessar?; for most nq-leous solkent mixtures since the system is for example unable to 
handle a11 the column eluent at flow-rates of 1 cm3 min- ‘. from systems containing 
more than 30°0 water. A further problem tvhich occurs is that with aqueous solvent 
SJ stems containinp in escess of 50 “,, vvater. beading of the solvent occurs on the belt 
causing pressure fluctuations in the ion source and hence providing poor mass spec- 
tral data. .A number of solutions to this problem ha\e been developed and will be 
discussed later. A further improvement to the system has been the provision of a 
scrubber immediately after the belt eaits from the first vacuum chamber’.‘Y. Solvent IS 
continually fed onto two pads vvhich remove residual materials from the belt. and the 
facility is particularly useful for studies using non-volatile buffers and ion-pairing 
reagents. 

There are now numerous publications which testify to the utility of this type of 
HPLC-ik1S interfxe. Excellent maintenance of chromatographic integrity is observ- 
ed. particularly if the eluent is fed directly onto the belt interface rather than being 
passed through a ultra\ iolet (UV) detector prior to feeding onto the belt. In fact we 
have recently observed improved resolution using microbore HPLC when the HPLC 
coiumn is adjusted so that the eluent feeds directly onto the belt. thus ensuring a 
virtually zero dead volume connection. Both Ei and CI mass spectral data can be 
obtained from the system using a wide variety of solvent systems. inciuding reversed- 
phase systems containing volatile and involatile buffers. Using conventional liquid 
chromatographic columns full EI or CI spectra are obtainable from 200 ng of sample 
injected on-column and selected-ion monitoring (SIM) enables low nanogram 
amounts of sample to be detected. 

Although microbore HPLC was initially utilized” with this system it has had 
little subsequent usage with interfaces of this type I9 Because this type of HPLC uses . 
much lower solvent flow-rates than conventional HPLC it has had extensive usage for 
HPLC-MS with systems of the direct liquid introductionA-“*” jet’” and nebuIizin$’ 
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types. because 011 the HPLC eiuent can be fed into the mass spectrometer. With one 
exeption” iittie attention has been paid in these studies to optimisation ofchroma- 
tographic performance. and the efficiencies obtained appear to be considernbi> tn- 
ferior to those obtained with con\entionai HPLC. Our initial experiences” \\ith a 
JASCO microbore HPLC system lvere disappointing in that poor efficiencies i\erc 
obtained. Recently \ve ha\e modified the column-packins technique and reduced the 
dead volumes in the connection to the UV detector and ha\e been able to obtain 

chromatogrsphic data more comparable !vi:h that obtamed from con\entionai 
HPLC svstems’S*ly_ One advantage of the moving belt systems o\cr other types ot 
HPLC-ilS interfaces is that ivhen microbore HPLC is used an etkcti~eiy zero dead 
~oiume coupling can be obtained since the column can be placed almost in contact 
with the belt system. Estremely io\v dead \oiume coupiinss are sssentiai iv!th chroma- 
tographic systems of this type if chromatographic performance is to be maintained. 
With tnterfaces of the direct liquid introduction type. a nokei way of oicrcomuy the 
problem has been to introduce the microbore <oiumn Into the interface”. We hale 
found that utilization of LC systems of this t>F \xlth our making belt interfaces 
results in considerable improvement in sensitivity. enabiins full scan spectra to be 
obtained at thr low nanogram injected on column level. Honre\er the technique 

bulks from the fact that column o~erioad occurs at the 1 S-10 jig sample injected on 
coiamn ie\ei. resulting in loss of resolution. We hale de\sioped a manual column 
5~ itching technique to assist with problems of this type’Y-2”. 

\V;lth regard to the Finnisan system-s ability to handle thermally lablie and io\i 

\oiatliity compounds. It appears to fiaii betiveen the direct insertion probe and desorp- 
tion chcmicrrl Ionization”0 . Mono- and di-saccharides pro\~de reiati\s moiccular 
mass information from on-line HPLC-MS with this interfxe”; hov.aer. e\en using 
chior& attachment ncgati\c ion Ci \vrf ha\r failed to obtain such data from tr~sx- 
charides”. aithouzh there are structurally useful frament IOR data present in the 
spectra. Data recently reported3” for sucrose using a direct hquid introduction intcr- 
face indicate that this approach provides more abundant ions in the reiati\e molwu- 
iar mass region than ~‘e have been able to obtain with the Finnigan interface under 
slmiiar ionization conditions_ The Finn&n system-s ability to pro\Ide HPLC-MS 
data from more dGicu!t compounds is illustrated by studies of nucirosides”. pep- 
t,&ss.” and antibioticsY.1Y-3”. One feature lvhich we hale consistently obscried is 
that the spectra obtained from on-line HPLC-XIS do not pro\ ide such abundant ions 
:n the reiatl\e molecular mass region as those obtained by spotting solutions of the 
bame samples onto the interface_ We are presently unable to esplain this eifect. and axe 
ha\e also observed in studies of ergot alkaloids that the EI data obtained from minor 
components when compared :cith those obtained from the direct insertion probe 
Indicate that thermal decomposition has occurred 3’.35. This phenomenon appears to 
be absent in the CI spectra at the same concentration and in the EI spectra at higher 
concentrations. 

The main problems with this first commercial transport Interface are: 
(1) Limitations in the system’s ability to handle highly \oiatile compounds 

\\hich may be lost in the pumpin, (1 system or distilled off by the IR heater. 
(2) Because of the relatively hi& background. mass spectral data are not 

available below t1z/1= 110. 
(3) Difficulties in handling solkent sj.stems containing a high proportion oi 

kvater. 
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(1) Rzlatixely poor sensitivity compared with gas chromatography (GC)-MS. 
(5) Limited ability to pro\ ide relative molecular mass data from more difficult 

compounds. 
Little can b2 done to overcome the first problsm. It does not normally cause 

dikuhies sines HPLC is used mainly for compounds of lower volatility than would 
b2 lost on the interface. Microbore HPLC assists in the solution of the wcond prob- 
lcm and full scan spectra can tX obtained which show good correlation with spectra 
obtained from the direct insertion probe although if lo\ker mass data are required 
then more sample has to b2 injected onto the LC and in order to obtain good re- 
constructed total ion current trac2s the computer must be adjusted to neglect the 
lo\\er mass ions contributions. 

Difficulties experienced with handling aqueous solvent systems have resulted in 
the dzxslopment of a varizty of different approaches for more e&xti\e handling of 
sokent systems of this type. The simplest approach is th2 addition of a water-miscible 
sohcnt. e.g. l-propanol. to the bzIt prior to the aqueous eluent from the liquid 
chromatogaph’“. Altematixely the Hetting characteristics of the belt can be im- 
proled by use of Snoop”. Improvement of the mass spectrometer pumping by us2 of 
turbo molecular pumps. incorporation of heaters in the differsntially pumped cham- 
ixrs. lncrtasinp the belt speed and tunnclling of the isolation ports results in morz 
dramatlc lmpro\ements in the system’s p2rformance3’.““. An aerosol deposition 
method using a preheated stream of argon fed into the HPLC eluent appears to be a 
\en_ effective m2thod for removal of solvent from interfaces of the belt type and is 
reported as allowing water to be handled at flo\v-ratss of 1 cm3 min-’ (ref. 39)_ An 
alt2matile approach’w’ _ IS to remove the necessity of feding aqueous sohent sys- 
tems onto the interface. This has be2n effectsd by use cf a modified sz_mented-flou 
2xtractor b2tw22n the liquid ~hruluarograph and the mass spectrometer interface. 
Ths solute is eatractcd ir.10 msthykne chloride or other suitable solvent. Lvhich is then 
delkcred to the btlt sbstcm of the interface. The technique also has the advantagz2 of 
2nablmg ion pairing rzagents to bs morz readily used for HPLC-MS. On2 problzm 
\\ith this type of approach is that inevitably there must ix loss of sensitivity and 
chromatographic resolution durin g the estraction process. We ha\2 found”“.3g that 
the use of microbore HPLC oK2rs an equally effective solution for the handlmg of 
high percentage aqueous solLent systems. e.g. solvent systems consisting of watsr- 
ucetonitrlle (8O:ZO) can b2 rzadily handled if a flow-rate of 0.2 cm3 min- ’ of ethanol IS 
fed onto the belt system prior to th2 microborr column eluent. 

The remainins problems Lvith moving-b2lt interfaces are mor2 difficult to o\er- 
corns. As was mentioned sarlicr. enhanced sensitivity can bz obtained by use of 
microbore HPLC sincz background is reduced and the necessity for splitting high 
percentage uquzous solvent systems is removed. It may xe!l prove that aerosol de- 
position ofeluent 39 improL2s sensitivity for many classes of compounds since therz is 
less danger of sample distillation or vaporization or sputtzring off the beit. and the 
ncctisity for splitting the eluent is akoid2d. Introduction of the interfacz into the 
source should also result in 2nhanced sensitivity and lend assistance in obtaining 
rzlatkc molecular mass data from more diEcult compounds. Two wcently deveiopzd 
commercial systems, Nhich \\oork on the same principles as the Finnigan system. ha\e 
adopkd. this latter approach. The system designed by VG anal) ticalA is available on 
both magnetic and quadrupole instruments. and its availability on instruments of the 
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former type enables high-resolution and linked-scan data to be obtained. Sensitk ity 
data reported to date indicate that the system is more sensiti\e than systems Lvhich do 
not enter the ion source of the mass s!xctrometer. it is aiso capable of handlmg higher 
solkent flow-rates than the earlier type of system. As yet there is no indication that the 
system has any particular advantages in handling more difficult compounds. More 
attention appears to ha\e been given to the positioning of the interface in the eon 
source and the provision of controlled rapid heating in the system desigcd by Fin- 
nisan MATx. Again better handling of aqueous solvent systems IS reported and 
sensitivity appears to be improved. ;1 full ammonia CI spectrum of caKeine being 
obtained from I ng ofcompound injected on column. Considerable improvement in 
the ability to obtain mass spectra! data from difficult molecules is Indicated by the 
spectrum obtained from deoxyadenosine 5-phosphate using water as a Cl reagent 
gas. The spcxtrum eshibits an (M i I) - ion at 1~;: 332 V. hich shows ZO”,, intensit> 
relative to the base !xak in the s!xctrum at 11~;: 136. The trisaccharide raffinose shws 
an abundant (kl f NH,)- ion at IPJ, I 521 and equally impressive data is reported for 
x-acety!dlgo\in and the fla\anold glycoside rutin. Although this data does not 
ap!xar to hate been obtained on-line it indicates that similar data should be ob- 
tainable from on-line HPLC-MS studies. Once again the system is a\ai!ab!e on both 
magnetic and quadrupolz instruments and appears to represent a considerable im- 
pro\ement in systems of the transport type. 

; . HPLC-?-IS IXTERF-\CES OF THE TRA\SPORT T\‘PE \iITH OTHER FORXIS OF \lGS 
SPECTR-iL IOYIZATIO’. 

A moving-\\iire transport system has bea utllizcd to interfax an HP!_C to ;1 
plasma chromatograph ” Iodo-. chloro- and bromo-bcnzcne \\ere studied tvith the _ 
system and it does not appear to ha\e kn further de\elo!xd. This type of approach 
Gould not ap?ar to !x thz most elIkti\e ~‘ay of de\e!oping interfaces of this t)!x 
and studies using an atmospheric pressure ion source tvhere a!! the LC elurnt is fed 
into the ion source appear to ha\e been more eikti\e’“. Recent studies in this area 
\\hich enable more difficult samples to be hand!ed’-.‘S and enable fra_gnentation 
!xha\iour to be contro!!ed’Y may lead to the de\c!opmcnt of a useful system. 

Another earlier approach to HPLC-XIS used a contmuous stain!ess steel belt. 
\vhlch was pcrfornted with small holes thus enab!in= = solvent to bz entrained’“. Sol- 
Lent wss removed in sn evaporator and the remainins solute transported to a reactor, 
inhere it was cowerted into hydrocarbons b> cata!! tic reduction uith hydrogen. The 
hydrocarbons produced are charxteristic of the solutes and \vcrz wept unto the ion 
source of mass spectrometer operatin g in the C! mode. !mprcssi\e ana!]ses ofcom- 
pieu lipid mixtures. kvherc the sysrem kvas used as an HPLC dctcctor. i\ere reported. 
T11e main disadvantages were that conkcntiona! EI and,or Cl sptwtra wrz not ob- 
tained and that estensivr studies \\ou!d ha\e to be undertaken of a wide ranse of 
compounds to ascertain the tyvs of spectrum that they produce kfore the system 
could !x utilized for structural studies. 

One advantage of the transport typc3 of interface is that it readily lends itself to 
use lvith surface ionization techniques. u hich could considerably eltend the ranse of 
compounds amenable to HPLC-MS. Patents have appeared for transport systems 
which cou!d be used for laser desorption50D”. and preliminav results has been 
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reported” using this technique with a Finnigan system which has been modified so 
that a stainless-steel belt passes through the ion source. Laserdesorbed neutrals are 
ionized under CI conditions using an argon discharge. The system has only as yet 
been used_ in the off-line mode. A further system designed for laser desorption togeth- 
er with I3 and SIM has been reported ‘j-j5 but as yet has only been used in the latter 
ionization modes Data reported to date, with this system do not indicate that it has 
any particular advantages over e.xisting systems. Preliminary data has also been re- 
ported for another transport system using SIMs6. Insufficient data are available to 
assess the potential of this system. An interesting patent” describes a transport 
system which has a belt constructed from a high work function metal. Ionization is 
effected by use of a 10’ V cm- ’ field. Unfortunately, no examples of spectra of 
compounds or HPLC-MS are given and hence its potential cannot be assessed. 
Currently the most exciting possibihty in this area is the use of fast atom bombard- 
ment (FAB) MS 58 The technique has been shown to have an impressive ability to . 
provide both relative molecular mass data and structurally significant fra_gment ions 
from compounds that cannot be handled by either mass spectral or ionization tech- 
niques except “‘Cf desorption mass spectrometry. One problem is that the sample 
has to be loaded in a matrix of gIycero1. However. FAB spectra can be obtained from 
samples not loaded in this way. but the spectra only last for a relatively short time. 
Thus use of transport system which should provide a continued source of sample may 
be viable for HPLC-MS with FAB. 

4. APPLIC.ATIOSS OF HPLC-SlS USISG lXTERF.L\CES OF THE TRANSPORT TYPE 

interfaces of this type have been used in a wide range of studies within the 
constraints mentioned earlier, and Table I summarizes where the technique has been 
applied and areas of potential application. 

Recently Eherc has been considerable interest in MS-MS techniques for the 
examination of crude mixtures. It has been indicated by?ome groups that the tech- 
nique is preferable to HPLC-MS or GC-MS for studies of this type’7*7s. Other 
groups advocate a combined approach ‘w1 We have undertaken a comparative _ 
study of the two approaches, usin g both HPLC-IMS and B/E linked scans” with and 
without colhsion-activated dissociation of protonated molecular ions formed from 
the mixture under CI conditions to study a crude extract of ergot3”*35. Whilst we 
found the latter approach to be relatively easy to use we were unable to resolve 
isomeric mixtures. Although individual isomers in pure form could be readily dif- 
ferentiated we had problems in spectral interpretation due to artefact peaks and 
dihiculties in interpretation of spectra due to interferences from fra_ment ions from 
other components of the mixture. HPLC-MS did not have these problems and also 
provided ready-made conditions for the isolation of components of interest. In ad- 
dition we fotind that source contamination problems were not as severe in the HPLC- 
MS studies. As a result of this study we feel that MS-MS provides a useful screetig 

technique for the location of known compounds in complex mixtures, although one 
must beware of matrix effects which could result in the production of false negatives. 
The technique is not really suitable by itself for the identification of unknown com- 
pounds, but should be extremely useful if used in combination with HPLC-MS and 
GC-&IS in providin_e additional structural information and in differentiating isomers. 
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TABLE I 

APPLICATIONS OF HPLC-MS USING INTERFACES OF THE TKL\SSPORT TYPE 

171 

AflatOdItS 

Amaryllidxeae aikzloids 
Antibiotxs 
Aronstlc SClds 
Bile a%is and their conJugates 
Carbzmatc pesticides 
Chinchona alhzdords 
Chlonnzted phcno!s III urine 
CoA liquefaction products 
Dinitrophsnyl h)drxzones 
Drugs 
Etilusnt snzlysis 
Ergot alkaloids 
GI>cosides 
Hcrbicldes 
Lipids 
Liquid c~stals 
Ii1tural CGUrnzriilS 
sucI~“;i+s 
Peprides 
Pesucidss 
Pcuoporph~nns 
Pol~chlorinnted b:qhcn>b and 

their mcrabolltes 
Pol;nucle3r xomatics 
Rotenoids 
Steroids 
Sugars 
TnJcerides 

6, 17 
33 
s. IS, 33. 59 
a. 64 
S. 61 
8. 33.fo.60.62.63 
33 
36. S3 
64.65 
66 
S , 13 14, :7, 41. 42, 67, 6b 9 . 
69 
34. 35 
31 
70 
19 
71 
S. 10, 33. 67. 72 
S. 19. 31. 61 
s. 19 
15 
73 

7-z 
37.64.65.66. 75 
19. 76 
8, :3. 14. 43. 67 
Il. IY. 31 
17 

One area which has received comparatively little attention is quantitati\r 
studies. The viability of transport systems in this context has been shownbS. and 
recent improvements in the senstivities of interfaces of this type may lead to more 
exploitation of the technique in this area. 

5. COXCLUSIOSS 

Combined HPLC-MS using moving-belt interfaces has been shown to be a 
viable technique. Extremely complex samples can k studied and the systems show a 
high degee of r&ability. Recent developments have resulted in improved sensitivity 
and extended the range of compounds which can be studied. The ability of the system 
to be readily adapted for surface ionization techniques augurs well for future develop- 
nzents. Amongt the advantages of this approach to HPLC-MS are the ability to 
provide both ET and CB data, less care has to be taken with the quality of EC solvents. 
and the systems can be readily adapted to new ionization techniques. Use of the 
approach with MS-MS techniques should also enhance its ability to assist in the 
solution of problems. 
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The utility of various types of transport interface for high-performance liquid 
chromato_gaphy-mass spectromett-y is reviewed. together with areas in which the 
technique has been applied. The advantages of using microbore high-performance 
iiquid chromatography systems with interfaces of this type are described, and the 
reMi\ e merits of mass spectrometry-mass spectrometry and liquid chromatography- 
mass spectrometry for studies of complex mixtures are discussed_ 
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