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[571' ABSTRACT 
A method and apparatus for quickly and efficiently 
injecting variable size fluid samples into the solvent 
flow stream of a high pressure liquid chromatography 
system. The injection apparatus includes a laterally 
moveable valve member that is formed with a pair of 
parallel transverse passages and is initially positioned 
such that one of the passages is aligned with the sol 
vent flow stream. The apparatus further includes 
means for receiving and supporting a syringe so that 
the end of the needle is disposed within the valve at 
the other transverse valve passage, a selectively en 
gageable sealing member for sealing the syringe nee 
dle and valve once the syringe is in position, and 
means for simultaneously moving the syringe, sealing 
member, and valve to a position such that said other 
transverse valve passage is in said flow stream en 
abling a sample within the syringe to be injected into 
the ?ow stream without depressurization of the system ' 
or substantial interruption of the ?ow stream. 

12 Claims, 6 Drawing Figures 
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LIQUID CHROMATOGRAPHY INJECTION 
SYSTEM 

DESCRIPTION OF THE INVENTION 

The present invention relates generally to liquid 
chromatography, and more particularly, to an im 
proved apparatus and method for introducing small 
?uid samples into high pressure liquid chromatography 
systems. 

In recent years, several different types of injection 
methods have been proposed for introducing samples 
into liquid chromatography systems. Each of these 
prior methods, however, has had certain drawbacks. In 
one method, for example, a selected quantity of the 
sample is inserted into the column at atmospheric pres 
sure, following which the system is pressurized to force 
a carrier fluid through the chromagraphic column. This 
method suffers from the disadvantage ‘that the column 
has to be depressurized before each sample is intro 
duced. It also results in inevitable loss in measuring pre 
cision from such extreme pressure variations. 
Another sample injection means has involved the use 

of a syringe which is inserted through a membrane type 
of port, called a septum. The syringe/septum tech 
nique, unfortunately, is not well suited for pressures 
above 200 p.s.i.g. because the septum generally does 
not have the requisite strength to withstand such pres 
sures. A further problem with the septum is that its life 
time is relatively short due to the repeated needle per 
foration and its solubility frequently is in the sensitivity 
range with the liquid chromagraphic carrier solvents. 
Sample introduction also has been effected by means 

of an external sample loop that is selectively connected 
into the solvent ?ow stream. Such sample loop meth 
ods, however, require a relatively large minimum sam 
ple size, such as 20 microliters. This technique further 
generally necessitates a multifunctional valve loop 
prior to introduction of the sample into the system 
thereby increasing the complexity of the apparatus and 
enhancing the likelihood of leakage. 

In addition, samples have been introduced by means 
of high pressure valves. Such prior sample valve tech 
niques have been relatively robust and complex, and 
accordingly rather costly, and, as in the case of the 
?xed loop method, have had the signi?cant limitation 
of permitting only the introduction of a ?xed sample 
volume. In liquid chromatography systems, it is highly 
desirable to‘ be able to vary the sample volume. If the 
quantity of sample is limited, the use of relatively small 
samples is necessitated. A ?xed volume system simply 
does not have the versatility for effective use in all situ 
ations. 
Accordingly, it is an object of the present invention 

to provide an injection method and apparatus for liquid 
chromatography systems in which a variable sample 
quantity may be introduced into the system without re 
ducing the pressure of the system and without detecta 
bly interrupting the solvent ?ow stream. 
Another object is to provide an injection apparatus 

as characterized above in which a relatively small sam 
ple may be quickly and easily introduced into the ?ow 
stream of the system without adversely affecting the 
precision measuring capabilities of the system. 
A further object is to provide sample injection means 

of the above kindwhich is relatively simple in construc 
tion, and thus, is economical to manufacture, use and 
maintain. 
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2 
Other objects and advantages of the invention will 

become apparent upon reading the foregoing detailed 
description and upon reference to the drawings, in 
which: . I 

FIG. I the longitudinal partially diagrammatic sec 
tion of an injection apparatus embodying the present 
invention; _ 

FIG. 2 is a longitudinal section similar to FIG. I, but 
showing a sample holding syringe inserted therein at a 
ready position; 
FIG. 3 is an enlarged section of a portion of the appa 

ratus shown in FIG. I, but with the valve member of the 
apparatus moved to a position to permit introduction 
of the sample into the solvent flow stream from the sy 
ringe; 
FIG. 4 the diagrammatic ?ow chart of a liquid 

chromagraphic system in which the injection apparatus 
of the present invention is incorporated; 

FIG. 5 shows a typical recording trace produced by 
the chromatography system shown in FIG. 3 after a 
sample has passed through the system; ' 
FIG. 6 is a chart showing the spreading effect of a 

sample as a function of the solvent ?ow. 
While the invention is susceptible of various modifi 

cations and alternative constructions, a certain illus 
trated embodiment has been shown in the drawings and 
will be described below in detail. It should be under 
stood, however, that there is no intention to limit the 
invention to the particular form disclosed herein, but 
on the contrary, the intention is to cover all modi?ca 
tions, alternative constructions and equivalents falling 
within the spirit and scope of the invention. 
Referring more particularly to FIG. 4 of the draw 

ings, there is shown a flow diagram of a typical liquid 
chromatography system 10. The basic components of 
the system 10 include a solvent reservoir 11 and a 
pump 12 for directing a continuous flow stream of sol-I 
vent from the reservoir through a line 14 and column 
15 at relatively high linear speeds. The column 15 cus 
tomarily has a relatively small bore of not more than a 
few millimeters in diameter and is packed with fine 
solids such as silica gel, alumina, or porous glass beads. 
The pressure of the solvent in the column 15 preferably 
is in the range of ISO to 250 atmospheres. As the sol 
vent flow stream is pumped through the column 15, a 
solution of the sample to be tested is introduced into 
the fast-moving stream by an injector l6 and is rapidly 
carried through the column. 
As is well known in the liquid chromatography ?eld, 

the different components of the sample solution will 
separate into respective bands while passing through 
the column due to their interaction with the material 
contained therein. As the separated sample compo 
nents elute from the column, they pass through one or 
more detectors 18 of a known type which produce sig 
nals that are recorded as deviations from a baseline. As 
is well known in the art, the peak position along the 
curve relative to the starting point denotes the particu 
lar component once its elution characteristics have 
been determined for the given set of operating condi 
tions. With proper calibration, the height or area of the 
peak is a measurement of the amount of the component 
present in the sample. It is conventional practice to lo 
cate both the injector and the detector in close posi 
tions relative to the ends of the column so as to reduce 
so called “dead” volume in which elutional spreading 
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of the sample occurs, with the resulting undesirable 
widening of the bands. 
The manner in which the sample is injected into the 

?ow stream of such a high pressure liquid chromatogra 
phy system, as indicated previously, can have a signi?~ 
cant effect on the output accuracy of the system. If the 
sample is introduced too slowly, or unevenly, into the 
solvent stream, this will have a tendency to widen or 
otherwise adversely affect the bands measured by the 
detector. Substantial interruptions of the ?ow stream 
or variances in pressure can also affect the accuracy of 
the output. Likewise, the size of the sample required 
for dependable results may vary signi?cantly depend 
ing upon the concentration of the sample that is in 
jected into the system. 

In accordance with the present invention, the injec 
tor 16 is adapted to introduce variable sample quanti 
ties into the high pressure liquid chromatography sys 
tem without reducing the pressure of the solvent stream 
or substantially interrupting its ?ow. As best shown in 
FIGS.1-3, the injector is supported within a panel 19, 
such as that of a cabinet containing the system, by 
brackets 20 and 21 each secured to the panel 19 by 
bolts 22 or other appropriate fasteners. A valve housing 
24 is supported behind the panel 19 by the bracket 21, 
and the line 14 through which the solvent flow stream 
passes is connected into opposite sides of the valve 
housing 24. The valve housing 24 is formed with trans 
versely aligned ports 25a and 25b of substantially the 
same ‘diameter as the internal diameter of the line 14, 
preferably about 0.25 millimeters, to permit the pas 
sage of the stream through the housing. > 
A valve member 30 is mounted within the housing 24 

for relative lateral sliding movement. To facilitate such 
movement,'bearing sleeves 31 are provided within the 
housing 24 about the valve member. The valve member 
30 in this case is cylindrically shaped and formed with 
a pair of parallel radial passages 34 and 35. The valve 
member 30, as shown in FIGS. 1 and 2, is positioned 
within the housing 24 with the passage 35 aligned with 
the housing ports 25a, 25b so that solvent stream ?ows 
from the line 14, through housing port 25b, the valve 
passage 35, and the housing port 25a. Extending later 
ally from the other radial passage 34, to the left as 
shown in the drawings, is a longitudinal port 36. The 
outer end of the valve member 30 is formed with an in 
ternal counter-bored section 38 having a tapered or 
conical shaped end 39 that joins the longitudinal port 
36. A pair of O-rings 40 are provided between the valve 
member 30 and housing 24 on opposite sides of the 
?ow stream to prevent leakage of the pressurized sol 
vent along the valve member. 
To facilitate moving the valve member 30 laterally, 

a transfer sleeve 41 is connected by set screws 42 to the 
outwardly extending end of the valve member 30. The 
transfer sleeve 41 extends through an aperture in the 
bracket 21 and has an enlarged cylindrical portion _43 
slidably received within a cylindrical opening in the 
bracket 20. The enlarged transfer sleeve portion 43 is 
formed with internal threads which operatively engage 
external threads formed on an extension 44 of a rotat 
able knob or handle 45 supported coaxially within the 
transfer sleeve 41 and bracket 20. To retain the knob 
45 from lateral movement with respect to the bracket 
20, the end of the bracket 20 is formed with a depend 
ing ?ange 46 that is received within a channel 48 
formed in the knob. Suitable means, such as the key 
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4 
connection (not shown) between the bracket 20 and 
the transfer sleeve 41, serves to prevent rotational 
movement between the two parts while permitting rela 
tive longitudinal movement. Thus, by reason of the 
threaded connection between the knob 45 and the 
transfer sleeve 41, it will be seen that by rotating the 
knob 45, the transfer sleeve 41 and the valve member 
30 may be laterally advanced and retracted relative to 
the brackets 20, 21 and valve housing 24. 
Mounted concentrically within the transfer sleeve 41 

and knob 45 is a syringe guide member 50. The guide 
member 50 is formed with a reduced diameter portion 
51 that is slidably received within the counter-bore 38 
of the valve member 30. A narrower sleeve 52 extends 
from the reduced diameter portion 51 of the guide 
member 50 further into the valve member counter 
bore 38. A seal member 54, made of plastic material 
such as that commonly sold under the trade name KEL 
F, surrounds the guide member sleeve 52 and is formed 
with an outer shape substantially in conformity with the 
tapered internal con?guration of the valve member 
counter-bore section 38. 

In order for the guide member to receive a syringe 58 
which contains a sample for testing, the guide member 
50 is formed with an internal cylindrical bore 59 having 
a conical or tapered end 60 and a small longitudinal 
port 61 extending axially from the apex of the tapered 
end 60. The longitudinal port 61 is axially aligned with 
the valve member longitudinal port 54, and the sealing 
member 54 is formed with a similar axially aligned port. 
When the syringe 58 is inserted into the guide member 
bore 59, the tapered end 60 will guide the syringe nee 
dle 62 into the longitudinal port 61. The syringe needle 
may be pushed through the sealing member 54 until the 
end is located at the valve member transverse passage 
34, as shown in FIG. 2. 

To‘ enable the sealing member to form a firm and 
tight seal about the syringe needle 62 after it has been 
positioned within the guide member 50 and valve mem 
ber 30, the guide member 50 is longitudinally adjust~ 
able with respect to the transverse sleeve 41 and valve 
member 30 so as to compress the sealing member 54 
about the needle. To this end, the guide member 50 is 
formed with an externally threaded shoulder 64 that 
operably engages an internal threaded portion of the 
transfer sleeve 41. By turning an outer knob or handle 
65 of the guide member 50, the guide member may be 
advanced inwardly into the valve member 30 to force 
the sleeve 54 into the tapered counter-bore end 39, 
which in turn will tend to compress the sealing member 
54 into tight contact with a syringe needle 62. 
To introduce a sample into the flow stream of the liq 

uid chromatography system 10, the operation of the in 
jector 16 is as follows. The desired quantity of the liq 
uid to be tested, the amount of which will depend upon 
the concentration and availability of the sample, is 
drawn into the syringe 58. The syringe then is inserted 
into the bore 59 of the guide member 50 and the sy 
ringe needle 62 is positioned into the longitudinal port 
61 and pushed through the seal 54 until the end of the 
needle reaches the transverse passage 34. Preferably, 
the end of the ‘needle 62 should be substantially ?ush 
with the side of the port 34 so as not to interfere with 
the ?uid flow which subsequently will pass through the 
port 34, as will become apparent. The guide member 
knob 65 may then be rotated to axially advance the 
guide member 50 into the valve counter-bore 38 to 
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force the sealing member 54 into tight sealing engage 
ment around the needle 62. After the seal has been 
tightened, the knob 45 may be rotated to laterally move 
the transfer sleeve 41, the valve member 30, guide 
member 50, the syringe 58, and sealing member 54 to 
the right, as viewed in FIGS. 1-3, to a position where 
the transverse passage 35 is removed from the ?ow 
path and the passage 34 replaced therein. Since the end 
of the syringe needle 62 remains located at the passage 
34 duringsuch lateral translational movement, depres 
sion of the syringe plunger will result in quick and di 
rect injection of the sample into the solvent stream 
which is then passing through the line 14, and ports 
25b, and port 25a, as shown in FIG. 3. It will be appre 
ciated that due to the high velocity of the solvent 
stream through the valve passage 34, the sample is 
quickly drawn into the solvent flow path and back dif 
fusion into the longitudinal valve port 61 is prevented. 
After injection has been completed, the syringe 

plunger may be withdrawn to draw solvent from the 
?ow stream into the syringe. Due to the force in which 
the solvent is moving when it enters the syringe, the sy 
ringe is thoroughly cleansed as it is being re?lled. After 
the syringe has been filled with solvent from the flow 
stream, rotation of the knob 65 in the opposite direc 
tion will laterally move the transfer sleeve 41, valve 
member 30, guide member 50, and sealing member 54 
to the left to withdraw the transverse passage 34 and 
the syringe 58 from the ?ow stream and reconnect the 
passage 35. The sealing member 54 then may be re 
leased from the needle 62 by reverse rotation of the 
knob 65, which moves the guide member 50 away from 
the seal and permits the syringe to be withdrawn from 
the injector apparatus. 
The injection system of the present invention has 

been found to efficiently and rapidly introduce samples 
into solvent ?ow streams at pressures between 150—25O 
atmospheres without adversely affecting the output re 
sults of the detector. FIG. 5, for example, shows a re 
corder tracing produced by an injection of a l microli 
ter sample at 180 atmospheres. It can be seen that no 
substantial baseline disturbances are attributable to the 
injection and that relatively narrow band output results 
were achieved. FIG. 6 further demonstrates the mini 
mum band spreading characteristics which result due 
to an increased solvent flow through a system. It can be 
seen that while the ?ow is increased by more than 40 
times, from about one-half to 24 microliters per sec 
end, the band spreading increases less than twice, from 
about 3 to 5% microliters. 
From the foregoing, it will be appreciated that the 

method of the present invention provides a simple and 
efficient means for introducing variable size ?uid sam 
ples into a high pressure liquid chromatography ?ow 
stream. Basically, the method, as has been shown, in 
volves the steps of positioning the injector valve mem 
ber so that one of two transverse passages is in align 
ment with the solvent flow stream, drawing a desired 
volume of the sample ?uid into a syringe, inserting the 
syringe into the valve member with the outer end 
thereof disposed at the second transverse passage of 
the valve member, applying a tight seal between the sy 
ringe needle and the valve member, and moving the 
valve member and syringe to a position whereby the 
second passage and the syringe needle outlet located 
therein is brought into the solvent flow stream so that 
the solvent passes through the second passage, and in 
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6 
jecting the sample from the syringe into the flow 
stream. Introduction of the sample into the ?ow stream 
by this method is achieved without reducing the pres 
sure of the system and without detectably interrupting 
the ?ow of the solvent stream. 
What is claimed is: 
l. A sample injection apparatus for use 'in a liquid 

chromatography system in which a continuous high 
pressure, high velocity solvent stream is directed 
through a column comprising, in combination, a valve 
housing, a valve member mounted for relative lateral 
sliding movement within said housing, said valve mem 
ber being formed with a pair of passages extending 
transversely through said member, said valve member 
being positionable such that one of said transverse pas 
sages is in alignment with said solvent stream so that 
said stream flows through said one passage, a sample 
holding means for selectively drawing in and ejecting 
variable quantities of a sample, said sample holding 
means having an outlet at one end thereof and being 
removably positionable within said valve member such 

' that said outlet is disposed at the other of said trans 
verse valve passages, and means for laterally moving 
said valve member with said sample holding means po 
sitioned therein from a position where said one valve 
passage is aligned with said solvent stream to a position 
where said other valve passage is aligned with said sol 
vent stream and said solvent flows through said other 
passage. 

2. The injection apparatus of claim 1 including selec 
tively engageable and releasable sealing means for seal 
ing said sample holding means with respect to said 
valve member. 

3. The injection apparatus of claim 2 wherein said 
sample holding means is a syringe having a needle, a 
sample containing portion, and means for drawing in 
and ejecting a sample from said containing portion, 
said valve sealing means being engageable with said 
needle, and said moving means simultaneously moves 
said valve member, syringe, and sealing means without 
relative movement therebetween. 

4. The injection apparatus of claim 1 in which said 
valve housing is formed with ports to permit passage of 
said solvent stream, and said moving means moves said 
valve member between positions wherein said valve 
transverse passages are alternately aligned with said 
housing ports. 

5. The injection apparatus of claim 1 in which said 
valve member includes a coaxially disposed transfer 
sleeve having a threaded portion, a rotatably mounted 
handle means having a threaded portion in operative 
engagement with said threaded transfer sleeve whereby 
rotation of said handle means causes lateral movement 
of said transfer sleeve and valve member relative to 
said housing. 

6. The sample injection apparatus of claim 3 includ 
ing a guide member mounted concentrically within said 
transfer sleeve for relative lateral movement, said guide 
member having an end portion received within the end 
of said valve member, a sealing member disposed 
within said valve member in surrounding relation to 
said guide member end portion, said guide member 
having a central bore for receiving the sample contain 
ing portion of said syringe, said guide member, sealing 
member, and valve member each being formed with 
concentric axial ports which communicate from said 
guide member central bore to said other transverse 
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valve passage for receiving the needle of a syringe posi 
tioned within said guide member, and means for mov 
ing said guide member relative to said transfer sleeve 
and valve member to cause said guide member to 
tightly compress said sealing member about the needle 
of a syringe positioned within said guid member. 

7. The apparatus of claim 6 in which said guide mem 
ber moving means includes an externally threaded 
shoulder on said guide member that is in threaded en 
gagement with an internally threaded portion of said 
transfer sleeve whereby rotation of said guide member 
moves said guide member relative to said sleeve. 

8. The apparatus of claim 7 in which said valve is 
formed with a conical shaped bore for receiving said 
sealing member, and said sealing member has a com 
plementary shaped conical end that is engageable with 
said valve bore upon lateral advancing movement of 
said guide member relative to said transfer sleeve and 
valve member. 

9. The injection apparatus of claim 8 in which said 
guide member has a handle portion at its outermost end 
for rotating said guide member relative to said transfer 
sleeve. 

10. A method of introducing a liquid sample into a 
?uid ?ow stream of a high pressure liquid chromatogra 
phy system of a type which has a syringe receiving valve 

15 

25 

35 

45 

55 

60 

65 

8 
with a pair of transverse passages comprising the steps 
of drawing into a syringe a desired volume of the liquid 
sample, positioning said valve so that one of said trans 
verse passages is in the ?uid ?ow stream and ?uid ?ows 
through said passage, inserting the syringe into the 
valve member with the outlet end of said syringe dis 
posed at the other of said transverse passages, and mov 
ing said valve and syringe to a position whereby said 
other passage is in the ?uid ?ow stream so that solvent 
passes through said other passage, and ejecting the 
sample from the syringe into the ?ow stream. . 

11. The method of claim 10 including forming a seal 
between said syringe and valve prior to moving said 
valve, and after said seal is formed moving said syringe, 
valve, and seal without relative movement therebe 
tween. ‘ 

12. The method of claim 11 including drawing into 
said syringe a quantity of ?uid from said flow ‘stream 
after said sample has been injected, moving said valve, 
seal and syringe to a position whereby said other valve 
passage is removed from said ?ow stream and said one 
valve passage is located in said flow stream, releasing 
the seal about said syringe, and removing said syringe 
from said valve. 

* >l< * * * 


