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[57] - ABSTRACT 

A method for providing enhanced stream splitting is 
provided by conveying a plug comprising a mixture of 
a sample material and carrier gas to a stream splitting 
means and initially dividing a leading portion of the 
plug during a relatively short interval of time into a 
measurement component and into a discharge compo 
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nent. The division or split ratio is automatically al 
tered to a second value according to which the re 
maining and principal portion of the plug is divided by 
conveying the discharge component through a dis 
charge volume which is relatively small with respect to 
the volume of the plug and through a flow restriction 
to atmosphere. The measurement component of the 
plug is simultaneously conveyed toward a chromato 
graphic column. The second split ratio is thereby ' 
maintained substantially constant for the passage of 
the remaining and principal portion of the plug past a 
split station of the stream splitting means. 

A chromatographic apparatus in accordance with 
features of the invention comprises a stream splitting 
means, means providing a ?ow channel 
communicating between a ?rst outlet of the stream 
splitting means and a separating column, and means 
providing a second ?ow channel communicating 
between a second outlet of the stream splitting means 
and a flow restrictor 'means which is vented to 

_ atmosphere. The second flow channel has a relatively 
small volume for providing that a discharge 
component of the plug which flows therein after 
splitting is rapidly vented to atmosphere. In a 
particular embodiment, the discharge volume is 
substantially less in magnitude than the volume of the 
plug. 

8 Claims, 13 Drawing Figures 
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SAMPLE METHOD AND ARRANGEMENT FOR 
GAS CHROMATOGRAPH 

This invention relates to gas chromatography. The 
invention relates more particularly to an improved 
sample injection and stream splitting method and ar 
rangement for use with a gas chromatograph. 
A gas chromatograph, as is known, is an analytical 

instrument which separates a sample material into con 
stituents by conveying a plug comprising a mixture of 
sample material in a vaporized state and a substantially 
larger volume of carrier gas through a separating col 
umn. The constituents which experience different tran 
sit times through the column elute successively in time 
from the column to provide a quantitative indication of 
the constituents of the sample. An ef?uent of the col 
umn is coupled to a detection and indicating means 
which senses the occurrence of generally bell shaped 
peaks associated with each of the constituents and 
which provides an indication of their height, area and 
shape. 7 

Two general types of separating columns are pres 
ently utilized with gas chromatographs. One form of 
chromatographic column comprises an elongated cap 
illary or open tubular column which is coated on an 
inner surface thereof with a separating medium. Alter 
natively, a support material is formed as an open tubu 
lar liner within the capillary column, and the separating 
medium is deposited on the support material. A second 
type of chromatographic column comprises an elon 
gated tube which is packed with a support material and 
upon which the separating medium is deposited. Each 
of these types of columns exhibits desirable character 
istics which are useful in separating the components of 
particular sample materials. 
The capillary or open tubular column has an operat 

ing characteristic which necessitates the introduction 
ofa relatively smaller plug quantity than can be accom 
modated by a packed column. The plug volume which 
can be handled by a capillary column is generally on 
the order of 1/10 to ’l/10,000 of the quantity which is 
applied to a packed column. The corresponding small 
sample quantity renders the sample impractical to han 
dle. In accordance with present techniques, sample vol~ 
umes within the range of about 0.5 to l0 microliters are 
introduced to the instrument at an injection station and 
form substantially'larger plug mixtures with the carrier ' 
gas. The plug quantity is then automatically reduced by 
a stream splitting means prior to entry onto a capillary 
column. The stream splitting means divides the plug in 
accordance with a predetermined split ratio into a rela 
tively small quantity measurement ‘component which 
?ows to the column'and into a relatively large quantity 
discharge component which is conveyed through a dis 
charge volume and ?ow restriction to atmosphere. 

In order to provide meaningful analytical results, it is 
desirable that the plug of sample material and carrier 
gas be substantially fully homogenized before stream 
splitting occurs. When this condition is not achieved, 
non-linearities which can be introduced by the stream 
splitting means interefere with the separation and re 
duce its accuracy. In practice, however, full homogeni 
zation is not always achieved and attempts have been 
made to reduce stream splitting non-linearities. More 
particularly, linearity occurs when the ?ow rate of the 
plug sample mixture remains relatively constant during 
the passage of the plug past the stream splitting point 
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2 
or junction. In general, the carrier gas exhibits rela 
tively constant velocity or ?ow rate as it goes through 
the various flow paths and channels of the inlet system 
of the chromatograph. However, as the discharge com 
ponent of the plug reaches a venting flow restrictor, 
and goes through the restrictor to atmosphere, the ?ow 
rate of the ‘plug is altered. This variation in flow rate 
represents a change in rate at which another portion of 
the plug passes the split point. The result of this is an 
undesirable alteration in the amount of sample or mea 
suring component of the plug which ?ows to the col 
umn after this variation in splitting time occurs which 
differs with respect to the quantity of the measuring 
component of the plug ?owing to the column prior to 
the plug passing the exit restrictor. Less than complete 
homogenization of the plug prior to splitting in a non 
linear system leads to inaccurate results. 
One stream splitting arrangement which overcomes 

, this undesirable non-linear affect includes a discharge 
channel having a volume which is greater than thevol 
ume of the largest plug expected to be handled by the 
instrument. The use of this relatively large discharge 
volume then assures that the entire plug will have 
passed the split station before a leading front of the dis 
charge component of the plug reaches the flow restric 
tion and is vented to atmosphere. The ?ow viscosity of 
the discharge component of the plug and the down 
stream pressure is then maintained relatively constant 
throughout the occurrence of the split. While this ar 
rangement has provided highly useful and vadvanta 
geous results, it necessitates the use of a relatively large 
discharge volume thereby undesirably increasing the 
size of the injection and stream splitting means. For ex 
ample, although the sample quantities are on the order 
of 0.5 to 10 microliters, the plug mixture for ' these 
quantities can have a typical volume of 5 cc. Further 
more, the instrument operator is required to limit the 
quantity of the plug to a volume which is less than the 
volume of the discharge channel. This can then limit 
the sample quantity and carrier flow rates which can be 
employed. At times this requirement is not fulfilled and 
the stream splitting ratio is disadvantageously affected. 

In addition‘to relatively large size requirements, for 
the open tubular column injection and stream splitting 
means and an accompanying relatively high cost, the 
replacement of a packed column injection means with 
the open tubular injection and stream splitting means 
has required a partial disassembly of the instrument. 
This, of course, disadvantageously limits the ready 
adaptability of the instrument. 
Accordingly, it is an object of this invention to pro 

vide an improved stream splitting method and arrange 
ment for use with open‘ tubular gas chromatographic 
separating column. 
Another object of the invention is to provide an im 

proved injection arrangement for a gas chromatograph. 

Another object of the invention is to provide an im 
proved stream-splitting means for use with a gas chro 
matograph which provides a substantially uniform split 
ting ratio during transit of a plug past a stream splitting 
station. 
Another object of the invention is to provide an im 

proved injection and stream-splitting arrangement for 
an open tubular column having a size adapted which is 
readily interchangeable with packed column injection 
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and stream splitting means of present day chromato 
graphs. - 

Another object of the invention is to provide an im 
proved open tubular column injection and stream split 
ting arrangement having a relatively small size, yet 
which provides substantial linearity in stream splitting. 

Another object of the invention is to provide a sam 
ple injection and stream splitting arrangement for open 
tubular columns which can be fabricated at substan 
tially less cost than present day arrangements. 
A further object of the invention is to provide an im 

proved injection arrangement which provides en 
hanced sample-carrier gas mixing and homogenization. 

' In accordance with the general features of the 
method of this invention, a plug comprising a mixture 
of a sample material and carrier gas is conveyed to a 
stream splitting means and a leading portion thereof is 
initially divided during a relatively short interval of 
time into a measurement component and into a dis 
charge component. .The division is' automatically al 
tered to a second value according to which the remain 
ing and principal portion of the plug is divided by con 
veying the discharge component through a relatively 
small ‘discharge volume and flow restriction to atmo 
sphere. The measurement component of the plug is si 
multaneously conveyed toward a chromatographic col 
umn. The second split ratio is thereby maintained sub 
stantially constant for the transit of the remaining and 
principal portion of the plug past a split station of the 
stream ‘splitting means. The discharge component of 
the plug is preferably vented to atmosphere simulta 
neously with the initial splitting of the plug into mea 
surement and discharge quantities. However, a practi 
cal discharge volume must exhibit ?nite dimensions, 
and a relatively short transit time is required for con 
veying the dishcarge component from the split station 
to atmosphere. 
A chromatographic apparatus in accordance with 

features of the invention comprises a stream splitting 
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means,'means providing a flow channel communicating , 
between a ?rst outlet of the stream splitting means and 
a separating column, and means providing a second 
flow channel communicating between a second outlet 
of the stream splitting means and a' flow restrictor 
means which-is vented to atmosphere. The second flow 
channel has a relatively small volume for providing that 
a discharge component of the plug which flows therein 
after splitting is rapidly vented to atmosphere. In a par 
ticular embodiment, the discharge volume is substan 
tially less in magnitude than the volume of the plug 

‘ thereby providing a substantially constant ?ow rate of 
the plug past the splitting station. 

In accordance with other features of the invention, 
mixing of the sample and carrier gas to provide a sam 
ple plug of enhanced homogenity is provided by a sam 
ple injector having a ?ow channel formed by a cylindri 
cally shaped body and a plurality of segments of disc 
shaped stream diverting members supported within the 
cylinder and extending into the cylindrical flow passage 
alternatively from different circumferential locations 
on the inner surface of the cylinder. The carrier stream 
?owing through the cylinder thereby repeatedly alters 
its direction of passage and the resulting turbulence en 
hances mixing of the sample material and ?owing car 
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4 
rier_ stream to provide a plug of enhanced homogeni 
zation. . 

These and other objects and'features of the invention 
will become apparent with reference to the following 
specification and to the drawingswherein: 
FIG. 1 is a schematic diagram in block form illustrat 

ing a chromatographic apparatus incorporating fea 
tures of the present invention; 
FIG. 2 is a more detailed schematic view of a sample 

injection and stream splitting arrangement of FIG. 1; 

FIGS. 3a,'3b and 3c are diagrammatic representa 
tions illustrating the transit of ‘a plug mixture past a 
stream splitting station of a prior art arrangement; 
FIGS. 4a, 4b and 4c ‘are diagrammatic representa 

tions illustrating‘ the transit of a plug mixture past a 
stream splitting station and which is useful in describing 
the operation of the present invention; 

FIG. 5 is a side elevation view, partly in section, illus 
trating an injector and stream splitting arrangement 
constructed in accordance with features of the present 
invention; 
FIG. 6 is a sectional view taken along lines 6-6 of 

FIG. 5; , 

FIG. 7 is a sectional view taken along lines 7-7 of 
FIG. 5; 
FIG. 8 is a sectional view taken-along lines 8—8 of I 

FIG. 5; and, 
FIG. 9 is an enlarged view of a portion 

of FIG. 5. 
Referring now to FIG. 1, the chromatographic instru 

ment illustrated therein includes a source of carrier gas 
10. Carrier gas is conveyed by a suitable tubulation 11 
from the source 10 to an injector and stream splitting 
means 12. The injector and stream splitting means 12 
is demountably supported by a heated injector block 14 
which maintains the injector andstream splitter at a de 
sired temperature. The injector is adapted for receiv 
ing, vaporizing, and mixing a sample with the stream of 
the carrier gas. The sample which typically has a vol 
ume on the order of 0.5 to 10 microliters is introduced 
into the injector means 12 from a syringe 16. The sam 
ple thus inserted formsa mixture or plug of vaporized 
sample material and carrier gas, a measurement por 
tion or component of which is conveyed to an open tu 
bular chromatographic column 18 and a discharge por 
tion or component of which is conveyed to atmosphere 
through a vent 20. The sample measurement compo 
nent is transported through the column 18 and is sepa 
rated into constituents which experience different tran 

of the injector 

sit times in the column. An effluent of the column‘is ‘ 
coupled to a detector 22. The detector 22 which com 
prises, for example, an ionization detector, senses the 
occurrence of constituent peaks and provides an elec 
trical indication thereof. This electrical indication is 
applied to an indicator, as for example, a strip chart re 
corder, which forms a chromatogram having a series of 
bell shaped peaks, the areas of which are indicative of 
the concentration of the associated constituents of the 
sample. 
The injector and stream splitting means 12 is sche 

matically illustrated in greater detail in FIG. 2. The sy 
ringe 16 includes a probe 24 which vextends through a 
septum 26 into a relatively narrow bore tube 28. Car 
rier gas from the source 10 flows through a channel 
formed between the bore 28 and a concentrically lo 
cated tube 29. The carrier gas flows into the bore 28 
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where it picks up the sample ‘which is ejected by the 
probe 24. The sample thus deposited in the ?owing car 
rier stream is transported to a mixing chamber 30 
where the sample is mixed with the carrier gas to pro 
vide a homogenized plug 31. The plug 31 will have a 
volume which is principally determined by the duration 
of injection and the carrier gas flow rate. For example, 
at a Sec/second carrier gas ?ow rate a one second in 
jection time, and a one microliter sample quantity, the 
plug will have a volume of about 5cc. The plug ?owing 
from the mixing chamber 30 flows toward a stream 
splitting station referenced by the dotted line 32. The 
plug is divided at the station 32 into a measurement 
component 33 which ?ows along a portion of a first 
channel 34 to the chromatographic column and into a 
discharge component 35 which flows through a dis 
charge volume 36 to a ?ow restricting means 38. The 
effluent of this ?ow restricting means is vented to atmo 
sphere. Atmospheric conditions for the purposes of this 
application represents the external environmental con 
ditions under which an analytical instrument operates. 
The plug 31 is divided at the split station 32 in accor 
dance with a predetermined ratio R. In general, the 
ratio R will have a value within the range of about 1/10 
to about l/I0,000. The ratio R is determined princi 
pally by the flow restriction of the column connected 
to the channel 34, and the ?ow restriction provided by 
the flow restricting means 38 connected to channel 36. 

As indicated hereinbefore, the split ratio R is disad 
vantageously subject to variation when the discharge 
component of a plug is vented to atmosphere before 
substantially the entire volume of the plug has com 
pleted its transit past the splitting station 32. Stated al 
ternatively, the plug is undesirably subjected to a varia 
tion in flow rate during its transit at the splitting station. 
A prior arrangement for avoiding this variation in R is 
illustrated and described with respect to FIGS‘. 3a, 3b 
and 3c. The plug of sample material 31 is represented 
by the cross-hatched section. FIG. 3a illustrates the lo 
cation of the plug as it reaches the stream splitting sta 
tion 32. FIG. 3b illustrates the division of'the plug 
shortly after a leading from 42 of the plug has passed 
the station 32. It will be observed that at this time a por 
tion of the measurement component 33 of the plug has 
entered the channel 34 on its passage to the open tubu 
lar chromatographic column. Similarly, a portion of 
relatively larger discharge component 35 has entered 
the discharge volume 36 on its passage toward the flow 
restriction 38. In FIG. 30, the plug has fully passed the 
split station 32 and a leading front 43 of the discharge 
component 35, which is fully located within the dis 
charge channel 36 has not reached the flow restriction 
38. As indicated hereinbefore, when the leading front 
43 of the discharge plug component 35 ?ows through 
the restrictive means 38 while a portion of the plug is 
simultaneously in transit at the split station 32, then the 
?ow rate of the plug is altered as it passes through ori 
free 38 because it has a viscosity different than the car 
rier which precedes the plug through the discharge 
channel. This alters the time in which sample is being 
split in a variation in the total amount of sample which 
?ows to the column. The split ratio R is thus effectively 
altered. This is overcome as illustrated by the arrange‘ 
ment of FIG. 30 wherein the discharge volume 36 ex 
tending between the split station 32 and the ori?ce 38 

6 . 

is made substantially larger than the volume of the plug 
31. . 

In accordance with the present invention, and as il 
lustrated in FIG. 4, a discharge component 35 of the 
plug is very rapidly conveyed to atmosphere upon pass 

' ing the split station 32. By immediately conveying the 

0 

30 

35 

40 

45 

60 

discharge portion 35 of the plug to the ?ow restriction 
38 and to atmosphere, the ?ow rate of the discharge 
component 35 is immediately altered from an initial 
value to a second substantially constant value corre 
sponding to the downstream venting of the discharge 
component. It is noted that after this condition is 
achieved, the split ratio R will remain substantially con 
stant throughout the interval while the remainder and 
principal portion of the plug is in transit past the split 
station 32. This advantageously provides for an en 
hanced split operation in that the split ratio R changes 
immediately from an initial value Rl to a second vaue 
R2 which value remains substantially constant through 
out the transit of the remainder and principal portion 
of the plug past the split station 32. This rapid initial 
variation in split ratio is accomplished by providing a 
relatively small discharge volume 36. Preferably, the 
discharge volume 36 is substantially less than the vol 
ume of the plug. Its small size is limited by the practical 
requirements for providing a ventingmeans of finite di 
mensions which is adapted for supporting the flow re 
striction 38 and does not create greater flow impe 
dance in'conjunction with the restriction 38 than can 
be tolerated for the desired split ratio. In addition to en 
hancing the linearity of operation, the relatively small 
discharge volume further contributes ‘signi?cantly to an 
overall reduction, in size of the injector and stream 
splitting means thereby rendering it interchangeably 
mountable with‘injector means for packed column and 
substantially reducing its cost of fabrication. 
A particular embodiment of an injector and stream 

splitting means constructed in accordance with this in 
vention is illustrated in FIGS. 5 through 8. The chro 
matographic injector station includes the heater block 
14 having an integral injector heater and support seg 
ment 50. The segment 50 includes a bore extending 
longitudinally therethrough for receiving an injector 
assembly. A radially extending bore is formed in the 
heater block segment 50 for receiving a carrier gas inlet 
tubulation 52. The injector assembly which is demount 
ably positioned in the segment 50 includes an elon 
gated generally tubular shaped housing 54 having an 
integrally formed generally rectangular shaped seg 
ment 56 positioned at one end of this housing. As is in 
dicated in greater detail hereinafter, the rectangular 
shaped segment 56 supports a flow restricting means 
and shut-off valve for conveying a discharge portion of 
a plug to atmosphere. Concentrically positioned in the 
injector housing 54 is a liner assembly which includes 
an elongated tubular shaped body 58 extending from 
an inlet or right hand end of the injector as viewed in 
FIG. 5 toward a central location within the injector 
housing 54. The liner assembly further comprises an 
elongated concentrically'located liner body 60 which-is 
formed of glass and which includes a generally coni 
cally shaped outlet end surface 62- which is seated 
against a conforming surface of an insert body 64 near 
one end of the cylindrical body 58. The liner body 60 
includes a longitudinally extending bore 65 which ex 
tends between an injection station and the insert 64. As 
indicated in greater detail hereinafter, carrier gas flows 
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through a channel which includes the bore 65 and a 
bore 66 which is formed in the insert body 64.. The con 
ically shaped surface 62 is secured against a conform 
ing surface of the insert 64 by a helical spring 68 which ' 
is positioned about the body and contacts a shoulder 
segment 70 thereof and by an elongated tubular sleeve 
72 which is positioned about theliner 60. This assem 
bly inhibits carrier gas from leaking from the tube 52 
directly to the bore 66 without sweeping'past the sam 
ple injection station. The assembly of the liner body 60, 
the sleeve 72, and the cylindrical body 58 extend 
through a tubular shaped member 74 to a probe entry 
or injection station. The member 74 is fitted and brazed 
into a bore formed in the ring 56. An enlarged threaded 
outer surface 78 is formed near one end of the member 
74 and a septum cap 79 engages this threaded surface. 
A probe penetrable cylindrically shaped septum 80 
formed of rubber, for example, and an optionally used 
disc shaped septum shield 81>formed, for example, of 
Te?on are positioned within the cap 79. When the cap 
is‘ mounted, the Teflon disc bears against one end of the 
sleeve 72 thereby exerting a force on the spring which 
seats the liner 60 against the insert 64. The septum 80 
provides a probe penetrable seal through which the sy 
ringe needle or probe 24 (H6. 2) is introduced. The 
probe which is initially introduced through a bore 84 in 
the cap 79, through the septum 80, through the shield 
81 and through a bore 86 in the sleeve 72, extends into 
the bore 65 of the liner 60. 
Carrier gas flows to this injector assembly through 

the tubulation 52 and a bore 88 formed in the injector 
housing 54. The gas flows from the bore 88 to a con 
centrically located ring shaped channel formed be 
tween an inner surface of the housing 54 and an outer 
surface of the body 58. Carrier gas‘ then ?ows through 
and from this ring shaped channel via a plurality of ap 
ertures 90 formed in the body 58 to a ring shaped chan~ 
nel extending between the inner surface of the body 58 
and an outer surface of the sleeve 72 toward the spring 
68. A ring shaped flow channel extends between an 
outer surface of the liner 60 and an inner surface of the 
sleeve 72. Carrier gas ?owing toward the right as 
viewed in FIG. 5 through this ring shaped channel flows 
into the bore 65 of the liner 60 and reverses its direc 
tion of flow. An outlet ori?ce of the probe 24 (FIG. 2) 
extends into the bore 65 and discharges a quantity of 
sample material into this ?owing carrier stream. The 
carrier stream sweeps this mixture of sample and car 
rier through the bore 65 and toward a mixing chamber. 
The carrier gas conveys the sample quantity through 
the bore 66 of the insert 64 and through a spacer ring 

' 104 to the mixing chamber 100, referenced generally 
as 100. 
The mixing chamber 100 is formed with a relatively 

wide cross-sectional area and a relatively short length 
in comparison with present day arrangements em 
ployed with open tubular columns. In order to provide 
a homogenized plug or mixture of carrier gas and sam 
ple, turbulence, the duration of mixing and the length 
of plug travel is effectively increased by providing an 
insert assembly of baffle members 102 which are posi 
tioned within the housing 54. These baffle members 
102 comprise segments of discs which are secured to a 
rod 103 and extend from opposite sides of the inner 
surface of the injector housing 54. They have a seg 
mented disc shape which conforms to a portion of the 
inner circumference of the housing 54 and a flat 105. 
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A flow passage 106 is provided between the ?at 105 of 
each member 102 and the inner surface of the housing 
54. The ?ats 105 of adjacent members are alternately 
oppositely positioned. The direction of travel of the 
plug and carrier stream is thereby repeatedly altered by 
this baffle assembly and the transit time of the plug is 
thereby increased. An enhanced mixing and homogeni 
zation of the plug is thus provided. 
The ?owing carrier gas stream and plug which exit 

from the mixing chamber pass through a ring shaped 
spacer body 107, similar to 100, into a stream splitting 
member 108 having an outer diameter thereof which‘ 
extends within the bore of the injector housing 54 and 
which is secured thereto by brazing, for example. The 
splitting member 108 has integrally formed therein a 
conically shaped bore 110 and a cylindrically shaped 
bore. A thin walled injector tube assembly 112 extends 
through the cylindrical bore toward the conical bore 
110. The tube 112 includes a conically shaped tip 116 
having an inlet orifice 118. The tube 112 further in-. 
cludes a shoulder 114 of enlarged cross-section which 
locates the tube 112 against a shoulder formed near 
the junction of the integral, cylindrical and conical 
bores of the body 108 and provides accurate locating 
of the tip 116. A conventional swage lock means 119 
secures the tube 112 within the split body 108. Carrier 
gas and the measurement component which flow in the 
tube 112 enter this tube through the origice 118 of the 
conical segment 116. A transverse plane, provided by 
the section lines 6—6 at the ori?ce, represents a stream 
split station equivalent to the split station 32 of FIGS. 
2-4. The measuring plug component and carrier gas 
which ?ow through the ori?ce 1 18 is conveyed through 
the tube 112 and through a tubulation 120 and a col 
umn coupling means 122 to an open tubular separating 
column‘. 
The discharge component of the plug is conveyed 

about the outer surface of the cone shaped member 
116 and through a thin-walled tubulation 132 which is 
fitted into a radially extending bore 133 in the member 
108. A recess 134 (P16. 7) is formed in and extends 
longitudinally through the wall of the housing 54. This 
recess is adapted for receiving and positioning the tu~ 
bulation 132. The tubulation 132 extends along the 
length of the housing 54 within the recess 134 and ex 
tends into a bore 135 which communicates with an 
open space 136 formed in the rectangular shaped seg 
ment 56 of the injector housing 54. A cylindrically 
shaped flow restrictor support block 140 is positioned 
in the space 136 which is formed at an angle with re 
spect to the axis of the injector and the rectangular 
shaped segment 56. This block which is brazed to the 
segment 56 includes an internal bore 142 threaded 
along a portion of its'length for receiving and engaging 
a flow restrictor 144. The flow restrictor is generally 
cylindrically shaped and includes a longitudinal bore 
extending therethrough of predetermined dimensions 
for establishing a desired flow impedance to the dis 
charge component of the carrier gas and plug. The ?ow 
restrictor is threaded about an outside surface thereof 
and engages the internally threaded segment of the 
bore 142. The discharge component of the plug flows 
successively through the tubulation 132, and the bore 
135, space 136, bore 142 and the bore of flow restric 
tor 144. I 

A vent control is provided for alternatively providing 
a substantially unobstructed flow passage between the 
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outlet of the restrictor 144 and atmosphere or for es 
tablishing a bleed vent for conserving carrier gas when 
a sample analysis is not in progress. The ventcontrol 
includes a tubular shaped vent port body 150 having 
internal threads which engage external threads formed 
on an outer surface of the block 140. An 0 ring 152 
provides a gas-tight seal at this union. A valve block 
154 is fitted about the port body 150 at one end thereof 
and a gas-tight seal is provided therebetween by an 0 
ring 156. The port body 150 includes an internal coni 
cally shaped end segment which converges to a bore 
158 communicating with a bore 160 in the valve block 
154. The valve block, which is annular shaped, includes 
a sliding valve member 162. This valve member is 
adapted to be positioned in a valve bleed position, as 
illustrated in FIG. 5, or in a vent position. In the bleed 
position, the bore 160 communicates with a bore 164 l 
in the slide body. A cylindrical bore 166 of enlarged 
cross-section is .formed in the slide body 162 and a 
body of sintered material 168 is positioned therein. The 
carrier gas and discharge plug component ?ow from 
the restrictor 144, through the bores 158, 160 and 164 
and through the sintered material 168 to atmosphere. 
The sintered material establishes a ?ow impedance cre 
ating a back pressure which reduces the carrier flow 
and conserves the carrier gas when a sample analysis is 
not in progress. As an analysis is about to be initiated, 
the instrument operator actuates the slide 162 by 
pressing it in a generally upward direction thereby lon 
gitudinally translating the slide member and transfer 
ring a bore 170 and an outlet venting tube 172 into 
communication with the bore 160 and the valve body 
154. The discharge component of carrier gas and the 
plug which flow from the restrictor 144 thereby flow 
through a relatively unobstructed flow passage to atmo~ 
sphere. v 

The injector and'stream splitting assembly are se 
cured in the heater block 14 by a clamp 145 which en 
gages the rectangular segment 56 of the housing 54 and 
which is screw mounted to the heater block segment 
50. The assembly is thereby readily demountable by de 
coupling the column ?ow cover 122 and by removing 
the clamp 145. 
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The discharge component of the plug is conveyed to - 
atmosphere almost immediately after passing the split 
ting station 32 by providing a relatively small discharge 
volume. The discharge volume comprises the volume 
between the outlet port 133 and the split station, the 
volume of the port 133, the ‘volume of the tubulation 
132, the volume of 'the port 135 and the space 136 
leading to the flow restrictor 144. By providing a dis 
charge volume which is relatively small, the discharge 
component of the plug is rapidly vented to atmosphere 
and the change in split ratio from Rl to R2 occurs im 
mediately. The discharge volume is relatively small 
when this volume is substantially smaller than the vol 
ume of the plug. This is in contrast with prior arrange 
ments wherein the discharge volume was made sub 
stantially larger than the volume of the plug. 
As indicated hereinbefore, it is-desirable to provide 

an injection and stream splitting means for an open tu 
bular chromatographic column which is relatively 
smaller than present day arrangements. In this regard, 
an interval of time, T2, during which the carrier gas and 
the sample which is injected into the carrier gas stream 
are mixed is signi?cant because of the necessity of ob 
taining a homogeneous mixture prior to splitting. On 
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10 
the other hand; it is desirable to maintain relatively 
short ?ow channels in order to provide ajrelatively 
compact injector system. In accordance with another 
feature of the invention, the mixing chamber of FIG. 5 
provides a mixing time interval comparable with pres 
ent day mixing chambers while still providing a rela 
tively compact structural arrangement. This is accom 
plished by providing a relatively short mixing chamber 
length of relatively wide cross-section and by providing 
the ?ow diverting and turbulence disc members 102.‘ 
These members in addition to creating the increased 
turbulence which enhances the mixing of the carrier 
gas in the sample also effectively elongate the path over 
which this mixing occurs thereby increasing the inter 
val of time during which mixing can occur over than 
which would be provided by a mixing chamber with this 
relatively shorter length. 

In a particular embodiment of the invention, the dis 
charge volume has a magnitude which at a predeter 
mined carrier ?ow rate and within a range of split ra 
tios, provides for the transit of a leading front 43 of the 
plug discharge component through the discharge vol 
ume in an interval of time equal to about 1 percent of 
the time required for the plug to traverse the split sta 
tion and generally not exceeding about 2 ‘h percent of 
this interval of time. . 

A particular injector and stream splitting arrange 
ment not deemed limiting inany respect includes a 
mixing chamber 100 having a length of about ‘5.49 cen 
timeters, a diameter of about 0.952 centimeters and a 
discharge‘ volume principally composed of the elon 
gated tube 132 having a length of about 10.8 centime 
ters and a diameter of about 0.0635 centimeters. With 
an injector having a mixing chamber and discharge vol 
ume of these approximate dimensions, two samples 
were injected into the system._ A ?rst sample comprises 
a standard test mixture of C., to C10 straight chain hy 
drocarbons with -a boiling point range of from about' 
93.5“ to about 159°C. Sample, sizes ranging in size from 
0.5 to 10.0 microliters and a range of split ratios from 
1:16 to 1:418 were employed and were separated on a 
300 foot by 0.01 inch inside diameter wall coated col- - 
umn AP-L at split ratios of 1:74‘ to 1:418 as well as a 
50 foot long 0.02 inch inside diameter support coated 
column AP-L with a split ratio of 1:16. Relatively good 
reproducible quantitative results were obtained. A sec 
ond sample comprises a mixture of C9 to C25 straight 
chain hydrocarbons having a boiling point range of 
about 144°C. to a vapor pressure of 40 MM at 282°C. 
A gas chromatographic column oven was programmed 
during the, examination of this sample. The sample in 
jection quantities which ranged from 0.5 to 8.0 microli 
ters at relatively low split ratios were separated on a 50 
foot long by 0.02 inch inside diameter sup'port coated 
open tubular column OV-l. In one test, the split ratio 
was 1:13 while in a second test the split ratio was 1:33. 
Good reproducible quantitativeresults were also ob 
tained. In addition, no signi?cant “ghost” peaks were 
produced with either of the examples. 
There has thus been described an improved chro 

matographic injection and stream splitting method and 
apparatus wherein the stream splitting ratio of mea 
surement -to discharge plug components is initially al 
tered and is then maintained substantially constant. 
The arrangement is further advantageous in that it is 
relatively compact in size and is readily interchange 
able with present day packed column injectors. The ar 
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rangement is economical in that it can be fabricated at 
a substantial cost savings over present day injection and 
stream splitting arrangements for open tubular col 
umns. ' 

While I have‘ described particular embodiments of 5 
the invention, it will be apparent to those skilled in the 
art that variations may be made thereto without depart 
ing from the spirit of the invention and the scope of the 
appended claims. 
What is claimed is: . 
l. A sample injection arrangement for a gas chroma 

to-graph having an open tubular separating. column 
comprising: . 

an elongated generally tubular shaped housing mem 
her; 

a stream splitting body positioned atone end of said 
housing member and having an inlet aperture ex 
tending into a frustro-conically shaped bore; 

said stream splitting body including a thin-walled 
conically shaped body positioned near a narrow 
portion of said frustro-conically shaped bore and 
forming with said frustro-conically shaped bore a 
stream splitting station; ' 

means extending through said stream splitting body 
and communicating with said thin-walled conically 
shaped body for providing a ?ow passage between 
an inlet of said conically shaped body and an open 
tubular column; 

a channel formed in said stream splitting body be 
tween said frustro-conically shaped bore and an 
outer surface of said body; ‘ 

a flow impedance; and, 
an elongated body coupled between said aperture in 

said stream splitting means and said flow impe 
dance means; 

said flow impedance means having an outlet aperture 
exposed to atmospheric conditions. ' 

2. The apparatus of claim 1 wherein said elongated 
body has a volume which is substantially less than the 
volume of a sample mixture adapted to be accommo 
dated by said instrument. 

3. The apparatus of claim 2 wherein said tubular 
housing has a longitudinal axis, a recess formed in said 

- body and extending in a direction substantially parallel 
to saidaxis, and said elongated body is positioned in 
said recess. I 

4. The apparatus of claim 1 including means posi 
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12 
tioned within said tubular housing for mixing the sam 
ple and carrier gas, said means comprising a plurality 
of disc segments extending in a generally radial direc 
tion within said housing from different circumferential 
locations within said housing and positioned at differ 
ent longitudinal sections in said housing. 

5. The apparatus of claim 4 wherein a ?ow-channel 
is provided for conveying a sample quantity and carrier 
gas to said mixing chamber and said disc segments are 
positioned circumferentially within said housing for 
causing a carrier gas stream flowing therethrough to re 
peatedly alter the direction of flow. 

6. The apparatus of claim 5 wherein said disc seg 
ments are assembled and secured to a rod and said as 
sembly is adapted for insertion and removal from said 
housing. I ‘ _ - 

7. A method for supplying a relatively small portion 
of a mixture of a sample material and a carrier gas to 
a chromatographic separating column with apparatus 
having a conduit for conducting a stream containing a 
given quantity of said mixture to stream splitting means 
that splits the stream in a predetermined ratio into a 
relatively small measurement component, which is car 
ried by a ?rst channel to said column, and a relatively 
large discharge component, which is carried by a sec 
ond channel to flow restricting means through which 
.the discharge components is vented, said method com 
prising: 

providing a second channel whose volume between i 
said splitting means and said ?ow ‘restricting means 
is ‘substantially less than the volume of said quantity 
of mixture supplied, and 

selecting the amount of flow restriction of said flow 
restricting means and said volume of the second 
channel in relation to each other and in relation to 
the flow rate of said mixture to'the stream splitting 
means for the leading front of said discharge com 
ponent to pass through said second channel and 
said flow restricting means in not more than 2 V; 
percent of the time‘ it takes for said quantity of said 
mixture to pass said stream splitting means. 

' 8. The method of claim 7 in which the time for the 
leading front of the discharge component to pass 
through the ‘second channel and flow restricting means 
is about 1 percent of the time it takes for said quantity 
of said mixture to pass said stream splitting means. 

* * il= * * 


