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57 ABSTRACT 

A valve mechanism which is adapted to be connected directly 
to the inlet of a gas chromatographic column for selectively 
directing either a gas or a liquid sample into the column. The 
valve mechanism comprises a valve body having an elongated 
channel extending entirely therethrough, the channel being 
coaxial with the column when the valve is attached thereto 
whereby a syringe may be extended through the channel into 
the column for direct column injection of a liquid sample. The 
valve body receives the opposite ends of a sample loop, sam 
ple gas inlet and outlet tubes and a carrier gas inlet tube. The 
valve mechanism also includes a rotatable valve plug which is 
operative, in a first position, to connect the carrier gas inlet 
tube directly to the elongated channel for injection of the 
liquid sample; the valve plug being further operative, in the 
first position, to connect the sample gas inlet and outlet tubes 
to the ends of the sample loop so that the loop is filled with the 
sample gas. Upon rotation to a second position, the valve plug 
is operative to connect the carrier gas inlet tube to the elon 
gated channel via the sample loop whereby the carrier gas 
flushes the sample gas trapped in the sample loop into the 
column. 

8 Claims, 9 Drawing Figures 
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3,668,935 1. 
GAS AND LIQUIDENLETSYSTEM FOR 

CHROMATOGRAPHY 
BACKGROUND OF THE INVENTION 

1. Field of the Invention. 
The present invention relates to a valve mechanism for con 

trolling the inlet of a gas or liquid sample into a column and, 
more particularly, to a valve mechanism adapted to be con 
nected directly to a chromatographic column for providing a 
common inlet to the column for a gas or liquid sample. 

2. Description of the Prior Art. 
Gas chromatography is the phenomenon by which the com 

ponents in a fluid sample are separated and analyzed by 
passing the sample through a chromatographic column in a 
fluid stream which performs the function of a carrier. The 
analysis is achieved by detecting the sequence in which the 
components of the sample mixture emerge from the column, 
and the amount of each component. In such instruments, the 
carrier fluid is usually a gas, whereas the sample, as inserted 
into the gas chromatograph analyzer, may either be a gas or a liquid. 
Many sampling techniques are presently available for in 

troducing a measured volume of a liquid or gas sample into a 
chromatographic column. One common technique in the anal 
ysis of liquid samples involves the use of a syringe by means of 
which a measured volume of liquid sample may be drawn from 
a selected fluid body and introduced into the gas carrier of the 
chromatographic column by direct injection. With respect to 
the analysis of gas samples, many different types of valves exist 
by means of which a measured volume of gas sample may be 
drawn from a selected gas stream and introduced into the car 
rier stream for introduction into the chromatographic column. 
Although the above-described techniques exist for in 

troducing either a liquid sample or a gas sample into a chro 
matographic column, such mechanisms have operated inde 
pendently of each other and there is no presently available, 
unitary mechanism which provides a common inlet to the 
column for either a gas or a liquid sample. As a result, if a 
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column includes a valve mechanism for providing an inlet for 40 
a gas sample, it has been generally necessary to completely 
disassemble such valve mechanism in order to introduce a 
liquid sample into the column. The same situation is true 
where the original mechanism simply permits the introduction 
of a liquid sample. Alternatively, where complete disassembly 
of a gas sample inlet valve has been impractical, it has been 
necessary to introduce a liquid sample into the gas stream 
prior to the valve. However, this technique,whereby the liquid 
sample is not directly injected into the column, has disad 
vantageous dead volume resulting in a spreading of the gas 
sample and a resultant spreading of the peaks of the various 
constituents as they are detected by the sensing means of the analyzer. 

SUMMARY OF THE INVENTION 
In accordance with the present invention, there is provided 

a unitary valve mechanism for providing a common inlet to a 
chromatographic column for either a gas or a liquid sample. 
With the present valve mechanism, the liquid sample may be 
directly injected into the column to maximize the response 
time of the apparatus. In addition, the present valve 
mechanism can introduce a measured quantity of a gas sample 
directly into the chromatographic column by the simple ex 
pedient of rotating, from one position to another, a portion of 
the valve mechanism. The present valve mechanism permits 
such operation without the disadvantage of a complex valve 
construction and without the disadvantage of internal dead 
areas where gas or liquid samples may accumulate. The 
present valve mechanism is compact, easily mounted to the 
chromatographic column and can be easily heated. 

Briefly, the present invention comprises a valve mechanism 
which is adapted to be connected directly to the inlet of a gas 
chromatographic column for selectively directing either a gas 
or a liquid sample into the column. The valve mechanism 
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2 
comprises a valve body having an elongated channel extend 
ing entirely therethrough, the channel being coaxial with the 
column when the valve is attached thereto whereby a syringe 
may be extended through the channel into the column for 
direct column injection of a liquid sample. The valve body 
receives the opposite ends of a sample loop, sample gas inlet 
and outlet tubes and a carrier gas inlet tube. The valve 
mechanism also includes a rotatable valve plug which is opera 
tive, in a first position, to connect the carrier gas inlet tube 
directly to the elongated channel for injection of the liquid 
sample; the valve plug being further operative, in the first posi 
tion, to connect the sample gas inlet and outlet tubes to the 
ends of the sample loop so that the loop is filled with the sam 
ple gas. Upon rotation to a second position, the valve plug is 
operative to connect the carrier gas inlet tube to the elongated 
channel via the sample loop whereby the carrier gas flushes 
the sample gas trapped in the sample loop into the column. 

It is therefore an object of the present invention to provide a 
unitary valve mechanism for controlling the inlet of a gas or a 
liquid sample into a column. 

It is a further object of the present invention to provide a 
common inlet to a chromatographic column for a gas or a liquid sample. 

It is a still further object of the present invention to provide 
a valve mechanism for controlling the inlet of a gas or liquid 
sample into a column which permits direct column injection for the liquid sample. 

It is another object of the present invention to provide a 
common inlet to a column for a gas or liquid sample which in 
cludes means for drawing a measured amount of gas sample 
from a fluid stream. 

It is still another object of the present invention to provide a 
compact, easily mounted valve mechanism which will provide 
a common inlet to a column for a gas or a liquid sample. 
Another object of the present invention is the provision of a 

valve mechanism for a chromatographic column having no dead areas. 
Still another object of the present invention is the provision 

of a valve mechanism in which liquid and gas samples are con 
trolled by a unitary structure at the column inlet. 

Still other objects, features and attendant advantages of the 
present invention will become apparent to those skilled in the 
art from a reading of the following detailed description of the 
preferred embodiment constructed in accordance therewith, 
taken in conjunction with the accompanying drawings 
wherein like numerals designate like parts in the several 
figures and wherein: 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a front elevation view of the present valve 
mechanism; 

FIG. 2 is a left side elevation view of the valve mechanism of 
FIG. 1; 

FIG. 3 is a top plan view of the valve mechanism of FIG. 1; 
FIGS. 4 and 5 are front sectional views of the valve 

mechanism of FIG. 1 taken along the line 4-4 in FIG. 3 and 
showing the valve plugin its two alternate positions; 

FIGS. 6 and 7 are front sectional views of the valve 
mechanism of FIG. 1 taken along the line 6-6 in FIG. 3 and 
showing the valve plugin its two alternate positions; 

FIG. 8 is an enlarged, side elevation view of the valve plug 
of the mechanism of FIGS. 1-7; and 

FIG. 9 is a sectional view taken along the line 9-9 in FIG. 
8. 

DESCRIPTION OF THE PREFERREDEMBODIMENT 
Referring now to the drawings, there is shown a valve 

mechanism, generally designated 10, which is adapted to be 
connected directly to the inlet of a gas chromatographic 
column 11, mechanism 10 providing a common inlet to 
column 11 for either a gas or a liquid sample. More specifi 
cally, valve mechanism 10 comprises a main valve body 12 
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having any convenient shape. Valve body 12 receives the op 
posite ends 13 and 14 of a sample loop 15 having a U-shaped 
or other convenient configuration. Valve body 12 also 
receives sample gas inlet and outlet tubes or passages 16 and 
17, respectively, and a carrier gas inlet tube or passage 18. 
Valve body 12 has a generally flat upper surface having an 

internally threaded bore 20 extending a short distance therein 
to. Bore 20 receives the externally threaded projection 21 of a 
generally cylindrical injection plug 22 which may include a 
plurality of fins 23 to aid in heat dissipation. When projection 
21 of injection plug 22 is fully extended into bore 20, a space 
remains between the bottom of projection 21 and the bottom 
of bore 20. A septum 24 is positioned in this space, for pur 
poses which will appear more fully hereinafter. 
As shown most clearly in FIGS. 6 and 7, valve body 12 is 

adapted to be connected directly to the inlet of gas chromato 
graphic column 11. More specifically, column 11 may have an 
externally threaded column nut 25 secured to the upper end 
thereof. Column nut 25 permits attachment of valve body 12 
to column 11 through the intermediary of a column adapter 
attachment 26. Attachment 26 is a generally cylindrical 
member having an externally threaded projection 27 at the 
top thereof which extends into an internally threaded bore 28 
in the flat, bottom surface of valve body 12. Attachment 26 
also includes an internally threaded bore 29 which receives 
the external threads of column nut 25. 

Bores 20 and 28 at the top and bottom, respectively, of 
valve body 12, are co-axial, not only with each other, but with 
the axes of injection plug 22, column attachment 26 and 
column 11. Extending along this axis, through injection plug 
22, valve body 12, and column attachment 26, is an elongated 
channel 30, formed by coaxial channel sections which inter 
sect with the cylindrical or tapered opening 41 and a valve 
plug 40 positioned therein, which provides an unobstructed 
passageway from a point external of mechanism 10 into 
column 11. Channel 30 is sealed by septum 24 positioned 
between valve body 12 and injection plug 22. However, as will 
be explained more fully hereinafter, the needle of a syringe 
(not shown) may be extended through channel 30 and septum 
24 directly into column 11 in order to introduce a measured 
volume of liquid sample into column 11. 
Valve mechanism 10 also includes an elongated, cylindrical 

or slightly tapered, valve plug 40 which is rotatably mounted 
in valve body 12 for directing either a gas or a liquid sample 
into column 11. Valve plug 40 is positioned in a generally 
cylindrical or tapered opening 41 in valve body 12 which ex 
tends from the front to the back thereof. A shaft 42 extends 
through the center of valve plug 40 and terminates in a handle 
or arm 43 (See FIG. 2) which may be utilized to manipulate 
valve plug 40. Arm 43 may be manually or automatically 
moved to its respective positions for operating the valve. 

Referring now to FIGS. 6-9, the end 14 of sample loop 15 
and sample gas outlet tube 17 extend into valve body 12 so as 
to be co-planar with elongated channel 30; the axis of valve 
plug 40 and cylindrical opening 41 preferably being perpen 
dicular to this plane, namely plane 6-6 in FIG. 3. Further 
more, valve plug 40 is positioned in valve body 12 so that it ex 
tends across elongated channel 30, the right-hand edge of 
which, as shown in FIG. 6, being tangent to plug 40. Also as 
shown in FIGS. 6 and 7, end 14 of sample loop 15 and sample 
gas outlet tube 17 are spaced around the circumference of 
valve plug 40, relative to channel 30, by equal angular incre 
ments. 

Valve plug 40 includes a first, arcuate groove 44 in the sur 
face thereof, co-planar with tube 17, end 14 of loop 15 and 
channel 30, whose length is equal to the angular spacing 
between the intersections of sample gas outlet tube 17 and end 
14 of sample loop 15 with valve plug 40. This is the same an 
gular spacing as that between the intersections of end 14 of 
sample loop 15 and the lower half of elongated channel 30 
with valve plug 40. Therefore, and as shown in FIGS. 6 and 7, 
which represent the two alternate angular positions of valve 
plug 40, groove 44 in valve plug 40 may be used to directly 
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connect either end 14 of sample loop 15 and the lower half of 
elongated channel 30, as shown in FIG. 6, or sample gas outlet 
tube 17 and end 14 of sample loop 15, as shown in FIG. 7. 

Valve plug 40 also includes a first, substantially straight 
groove 45, whose depth is equal to the diameter of elongated 
channel 30, Groove 45 is positioned in the surface of valve 
plug 40 so as to be co-planar with groove 44, tube 17, end 14 
of loop 15 and channel 30. In addition, the angular orientation 
of groove 45 relative to groove 44 is such that when plug 40 is 
in the position shown in FIG. 7, where groove 44 connects 
sample gas outlet tube 17 and end 14 of sample loop 15, the 
surface of groove 45 is aligned with the surface of channel 30 
thereby effectively forming a wall of, and completing channel 
30. On the other hand, when valve plug 40 is rotated to the 
position shown in FIG. 6, channel 30 is blocked by the portion 
of valve plug 40 between grooves 44 and 45. 

Referring now to FIGS. 4, 5, 8 and 9, end 13 of sample loop 
15, sample gas inlet tube 16 and carrier gas inlet tube 18 all 
extend into valve body 12 so as to be co-planar; the axis of 
valve plug 40 and cylindrical opening 41 being substantially 
perpendicular to this plane, namely plane 4-4 in FIG. 3. Posi 
tioned in plane 4-4 is a channel 46 which extends through 
valve body 12 from a point just below valve plug 40 to a point 
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hand edge of channel 46, as shown in FIGS. 4 and 5, being tan 
gent to plug 40. The bottom of channel 46 is connected to the 
inner end of carrier gas inlet tube 18, the top of channel 46 
being connected by a short channel 47 (see FIG. 3) to elon 
gated channel 30. Also as shown in FIGS. 4 and 5, end 13 of 
sample loop 15, sample gas inlet tube 16 and channel 46 are 
spaced around the circumference of valve plug 40, in plane 
4-4, by the same amounts that the corresponding elements 
14, 17 and 30 are spaced around valve plug 40 in plane 6-6. 
Valve plug 40 further includes a second, arcuate groove 48 

in the surface thereof, co-planar with tube 16, end 13 of loop 
15 and channel 46, whose length is substantially equal to the 
length of groove 44 and equal to the angular spacing between 
the intersections of sample gas inlet tube 16 and end 13 of 
sample loop 15 with valve plug 40. This is the same angular 
spacing as that between the intersections of end 13 of sample 
loop 15 and the lower half of channel 46 with valve plug 40. 
Therefore, and as shown in FIGS. 4 and 5, which represent the 
two alternate angular positions of valve plug 40, groove 48 in 
valve plug 40 may be used to directly connect either end 13 of 
sample loop 15 and the lower half of channel 46, as shown in 
FIG. 4, or sample gas inlet tube 16 and end 13 of sample loop 
15, as shown in FIG. 5. 
Valve plug 40 further includes a second, substantially 

straight groove 49 whose depth is equal to the diameter of 
channel 46. Groove 49 is positioned in the surface of valve 
plug 40 so as to be co-planar with groove 48, end 13 of loop 
15, tube 16 and channel 46. In addition, the angular orienta 
tion of groove 49 relative to groove 48 is such that when valve 
plug 40 is in the position shown in FIG. 5, where groove 48 
connects sample gas inlet tube 16 and end 13 of sample loop 
15, the surface of groove 49 is aligned with the surface of 
channel 46 thereby effectively forming a wall of, and complet 
ing channel 46. On the other hand, when valve plug 40 is 
rotated to the position shown in FIG. 4, channel 46 is blocked 
by the portion of valve plug 40 between grooves 48 and 49. 

Finally, valve plug 40 includes a groove 50 in the surface 
thereof, extending from plane 4-4 to plane 6-6. In addition, 
groove 50 is positioned in the surface of valve plug 40 with an 
angular orientation relative to grooves 44, 45, 48 and 49, so 
that when valve plug 40 is in the position shown in FIGS. 4 and 
6, in which grooves 44 and 48 are used to connect ends 14 and 
13, respectively, of sample loop 15 and channels 30 and 46, 
respectively, groove 50 is aligned with the intersections of 
sample gas inlet and outlet tubes 16 and 17, respectively, and 
opening 41. Therefore, and as shown in FIGS. 4 and 6, groove 
50 may be used to directly connect inlet and outlet tubes 16 
and 17. With valve plug 40 in the position shown in FIGS. 5 
and 7, groove 50 has no function. 



5 
In operation, valve body 12 of mechanism 10 is adapted to 

be connected directly to the inlet of a gas chromatographic 
column 11 by means of column adaptor attachment 26, as ex 
plained more fully hereinbefore. Once so positioned, valve 
mechanism 10 may be used to selectively direct a gas or a 
liquid sample into column 11. More specifically, with valve 
plug 40 positioned as shown in FIGS. 5 and 7, the needle of a 
syringe (not shown) may be extended through channel 30 in 
injection plug 22, valve body 12 and attachment 26 directly 
into column 11. In this manner, a measured volume of liquid 
sample may be directly injected into column 11. In this posi 
tion, the carrier gas flowing through inlet tube 18 is permitted 
by groove 49 in plug 40 to pass through channels 46 and 47 
into main channel 30 where the carrier gas flows downwardly 
through channel 30 into column 11. 
At this time, the sample gas flowing in inlet tube 16 is 

directed by groove 48 into end 13 of sample loop 15. The sam 
ple gas exits from end 14 of sample loop 15 and is directed by 
groove 44 into sample gas outlet tube 17. In this manner, dur 
ing the time that valve plug 40 is in the position shown in 
FIGS. 5 and 7, sample loop 15 is filled with sample gas. 
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In order to trap a measured quantity of sample gas in loop 
15 and to flush the sample gas so trapped into column 11, 
valve plug 40 is rotated to the position shown in FIGS. 4 and 6. 
In this position, the carrier gas entering inlet tube 18 is 
diverted by groove 48 into end 13 of sample loop 15. The sam 
ple gas trapped in sample loop 15, as well as the carrier gas, 
exits from end 14 of sample loop 15 and is diverted by groove 
44 in valve plug 40 into channel 30 and eventually into 
column 11. 

It can therefore be seen that in accordance with the present 
invention, there is provided a unitary valve mechanism 10 
which operates as a common inlet to chromatographic column 
11 for either a gas or a liquid sample. With the present value 
mechanism 10, a liquid sample may be directly injected into 
column 11 to maximize the response time of the apparatus. 
This is achieved by positioning valve plug 40 in the position 
shown in FIGS. 5 and 7. In addition, valve mechanism 10 can 
introduce a measured quantity of a gas sample directly into 
column 11 by the simple expedient of rotating valve plug 40 
from the position shown in FIGS. 4 and 6. In the first position, 
a quantity of sample gas is trapped in sample loop 15, but in 
such a manner that there is constant circulation of the sample 
gas into and out of the loop. Once valve plug 40 is rotated to 
the position shown in FIGS. 4 and 6, the sample gas which is at 
that time trapped in sample loop 15 is flushed into column 11. 
It should also be noted that when valve plug 40 is rotated to 
the position shown in FIGS. 4 and 6, groove 50 connects sam 
ple gas inlet and outlet tubes 16 and 17 so that there is con 
tinuity in the flow of sample gas into and out of mechanism 10. 
The present valve mechanism permits such operation 

without the disadvantage of a complex valve construction and 
without the disadvantage of internal dead areas where gas or 
liquid samples may accumulate. Finally, the present valve 
mechanism is compact, easily mounted to the chromato 
graphic column and can be easily heated. 
While the invention has been described with respect to a 

preferred physical embodiment constructed in accordance 
therewith, it will be apparent to those skilled in the art that 
various modifications and improvements may be made 
without departing from the scope and spirit of the invention. 
We claim: 
1. A unitary valve mechanism for controlling the inlet of a 

gas or liquid sample into a gas chromatograph column com 
prising: 
a valve body adapted to be connected directly to said 
column, said valve body having a substantially cylindrical 
or conical shaped opening therein; 

a valve plug mounted in said opening in said valve body and 
being rotatable between first and second positions; 

a sample loop, the opposite ends of which extend into said 
valve body and communicate with said valve plug; 

a sample gas inlet passage and a sample gas outlet passage in 
said valve body each communicating with said valve plug; 
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a carrier gas inlet passage having a portion thereof in com 
munication with said valve plug; 

said valve body having elongated channel sections extend 
ing therethrough, said channel sections communicating 
with said valve plug; 

said valve plug having a first straight groove therein 
cooperating with said elongated channel sections in said 
valve body when said valve plug is in its first position to 
form an elongated channel extending entirely through 
said valve body and said plug, said channel being coaxial 
with said column whereby a syringe needle may be in 
serted to inject a liquid sample into said column, said 
valve plug also being operative when in its first position to 
connect said carrier gas inlet passage directly to said elon 
gated channel, said valve plug being further operative, in 
said first position, to connect said sample gas inlet and 
outlet passages to said ends of said sample loop, respec 
tively, whereby said sample gas circulates through said 
loop, said valve plug being operative, upon rotation to its 
second position, to connect said carrier gas inlet passage 
to said elongated channel via said sample loop whereby 
carrier gas from said carrier gas inlet passage flushes the 
sample gas trapped in said sample loop into said channel 
and thence into said column. 

2. A unitary valve mechanism according to claim 1 wherein 
said valve body has a second channel extending on opposite 
sides of said cylindrical opening therein and communicating 
with said carrier gas inlet passage and also connecting with 
said elongated channel, and wherein said valve plug has a 
second parallel, spaced, substantially straight groove therein, 
said first and second grooves being aligned with said elongated 
channel and said second channel, respectively, when said 
valve plug is in said first position thereby permitting carrier 
gas to flow through said elongated channel into said column. 

3. A unitary valve mechanism according to claim 2 further comprising: 
a septum, said septum extending across said elongated 

channel, said valve plug intersecting said elongated chan 
nel between said septum and said column whereby a syr 
inge may be extended through said septum, said channel 
and said first groove directly into said column when said 
valve plug is in said first position. 

4. A unitary valve mechanism according to claim 3 wherein 
said second channel intersects said elongated channel 
between said septum and said valve plug. 

5. A unitary valve mechanism according to claim 1 wherein 
said ends of said sample loop and said gas inlet and outlet 
passages communicate with said valve plug in said cylindrical 
opening and wherein said valve plug has first and second 
parallel, spaced, arcuate grooves therein, said first and second 
arcuate grooves being operative to connect said sample gas 
inlet and outlet passages to said ends of said sample loop when 
said valve plug is in said first position whereby said loop is 
filled with sample gas. 

6. A unitary valve mechanism according to claim 5 wherein 
said first arcuate groove is operative, when said valve plug is 
rotated to said second position, to divert the gas in said carrier 
gas inlet passage into one end of said sample loop and wherein 
said second arcuate groove is simultaneously operative to 
divert the gas exiting from the other end of said sample loop 
into said elongated channel whereby said carrier gas flushes 
said sample gas into said column. 

7. A unitary valve mechanism according to claim 6 wherein 
said valve plug has a third, substantially straight groove 
therein, parallel to the axis thereof, said groove being opera 
tive to connect said sample gas inlet and outlet passages when 
said valve plug is in said second position. 

8. A unitary mechanism according to claim 1 further com prising: 
a septum in said valve body, said septum extending across 

said elongated channel whereby a syringe may be ex 
tended through said channel and said septum directly into 
said column. 
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