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ABSTRACT OF THE DISCLOSURE 
Gas bubbles placed in the eluate from a chromatograph 

ic column to prevent back-mixing of the several sections 
of the eluate while the same is being transferred through 
capillary tubing from the column to an evaluating sta 
tion, such as a photometer, are removed from the eluate 
by passage through a wall portion of the capillary tubing. 
Capillary tubing of polytetra?uoroethylene or fluorinated 
ethylene propylene polymer passes hydrogen or helium 
under internal pressures as low as 30 cm. while being im 
pervious to all liquid eluates normally encountered. 

Reference to related application 
This application is a continuation-in-part of the co— 

pending application, Ser. No. 674,404, ?led Oct. 11, 1967 
and now abandoned. 

Background of the invention 

This invention relates to the analysis of liquids, and par- ;) 
ticularly to an improved method of preventing back-mix 
ing of portions of the liquid while the liquid is being trans~ 
ferred to an evaluating station, and to improved apparatus 
for performing the method, as will be described herein 
after with speci?c reference to chromatography by way 
of example only. 

It is often necessary to mix the eluate from a chro 
matographic column with a reagent to permit quantitative 
determination of the amounts of one or more components 
of the analyzed mixture. When the reaction is not in 
stantaneous, the reagent is admixed to the eluate near the 
column, and the tubing which connects the column with 
the evaluating station is made long enough to permit the 
reaction to go to completion before the eluate enters 
the station. In order to avoid back-mixing of the several 
fractions of the eluate stream during the reaction, the 
diameter of the tubing is reduced as far as practical, to 
one millimeter or less, and the liquid in the normally 
capillary tubing is divided into sections by introducing 
small amounts of an inert gas into the eluate stream 
from time to time. It is normally necessary to remove the 
gas bubbles from the eluate prior to evaluation with which 
they would interfere. 

This invention is more speci?cally concerned with the 
removal of the gas from the eluate stream. Some devices 
employed heretofore for eliminating the gas from the 
liquid eluate are relatively complex in that they require 
pumps. Others rely on relatively wide conduit sections 
following the capillary tubing in which the rate of flow 
is reduced and the gas is permitted to separate from the 
liquid by gravity. Some back-mixing cannot be avoided 
with the known arrangements. The sensitivity of many 
known arrangements is reduced because they require a 
portion of the liquid eluate to be discarded together with 
the gas bubbles. 
The principal object of this invention is a method of 

removing gas bubbles from a stream of liquid in capillary 
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tubing which does not affect the sensitivity of the analysis 
performed. A concomitant object is the provision of ap 
paratus for performing the method which is simple and 
free from moving parts. 

Summary of the invention 
We have found that the gas bubbles can be separated 

from the liquid by passing the liquid and the bubbles 
along an inner face of a wall which is impermeable to 
the liquid, but permeable to the gas, and by maintaining 
a pressure ‘differential between the inner face and an outer 
face of the wall which causes the gas to pass through the 
wall at a rate su?icient to remove the bubbles from the 
liquid before the liquid enters the evaluating station. 
Many materials of construction satisfy the requirements 

outlined above, but two commercial fluorocarbon poly 
mers, polytetra?uoroethylene and ?uorinated ethylene 
propylene polymer, have been found to be permeable to 
gases having a low molecular weight, such as hydrogen 
and helium, at all pressures above 30 cm. water column 
in wall thicknesses practical and conventional in capillary 
tubing. The ?uorocarbon polymers, moreover, are inert 
to and not wetted by the solvents normally employed as 
eluents in chromatography, and particularly aqueous elu 
ents. The gas-permeable wall thus may constitute at least 
that terminal section of the capillary tubing between the 
chromatographic column and the evaluation station, 
which is near the station and remote from the column, 
as measured along the tubing. 

Other features, additional objects, and many of the at 
tendant advantages of this invention will readily be ap 
preciated as the same becomes better understood by ref 
erence to the following detailed description of preferred 
embodiments when considered in connection with the at 
tached drawings. 

Brief description of the drawing 

In the ‘drawing: 
FIG. 1 shows chromatgraphic apparatus of the inven 

tion partly in elevational section, and partly in a dia 
grammatic manner; and 

FIG. 2 illustrates a modi?cation of the apparatus of 
FIG. 1 in a corresponding, but fragmentary view. 

Description of the preferred embodiments 

Referring initially to FIG. 1, there is seen a container 
1 provided with a loose cover 2 from which a coil 3 of 
polytetra?uoroethylene tubing is suspended. One end 4 of 
the coil is connected with an ion-exchange column 5, with 
an injector 6 attached to a bottle 7 of hydrogen gas under 
pressure, and with a reagent injector 8. The other end 9 
of the coil 3 is connected to a photometer 10 equipped 
with a recorder 11. 
The column 5 is ?lled with an ion exchange resin. The 

injector 6 may be of any type conventional in this art, as 
disclosed, for example ‘in the Skeggs Patent No. 2,797,149 
or the Ferrari Patents Nos. 3,072,442 and 3,074,784. The 
photometer 10 and recorder 11 also may be of any con 
ventional type suitable for recording the transmissivity of 
a streaming liquid as a function of time. 
The container 1 is normally ?lled with a heat transmit 

ting fluid such as water or oil, and is kept at an elevated 
temperature maintained by a non-illustrated thermostat. 
The apparatus illustrated may be employed for the con 

ventional analysis of a protein hydrolysate in which the 
several amino acids sequentially eluted from an ion ex 
change resin (Arnberlite IR 120) in the column 5 are 
reacted with ninhydrin admixed in solution by the injector 
8. A pigment is formed by the slow interaction of ninhy 
drin with each amino acid, and the stream of liquid in the 
tubing 3 thus has alternating colored and colorless sections 
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whose location is characteristic of the reacted amino acids 
under known process conditions. 
To prevent back-mixing of the several liquid sections 12, 

hydrogen is injected into the eluate at regular intervals 
by the injector ‘6 to form bubbles 13. 

Typically, the rate of eluate ?ow may be 30 ml. per 
hour, and ninhydrin solution may be added at a rate 
of 15 ml. per hour. At a temperature of 100° C. main 
tained by the liquid in the container 1, each colored reac 
tion product of ninhydrin and amino acid is formed in 
about 20 minutes. The tubing 3 thus must have a capacity 
of 15 ml. of liquid plus a reserve for holding the gas bub~ 
bles 13. At an internal diameter of 1 mm., the length of 
the coil 3 must be more than 20 meters. 
The column 5 and photometer 10 are located above the 

container 1 at a height suf?cient to maintain a minimum 
pressure differential of 30 cm. water column between 
the inner and outer faces of the tubing 3 whose wall thick 
ness is about ‘0.1 mm. Under these conditions, the hydro 
gen gas can ditfuse outward through the plastic tubing 
at such a rate that the bubbles l3 disappear completely 
just ahead of the end 9 of the coil 2 so that they cannot 
interfere with the evaluation of the eluate in the photom 
eter 10 in which the transmissivity of the eluate stream 
to light having a wavelength of 440 and 570 ,um. is meas 
ured whereupon the measurement is recorded on the rec 
order 11, as is conventional’. 

In the modi?cation of the apparatus illustrated in FIG. 
2, the coil employed in an otherwise unchanged appa 
ratus has a ?rst portion 14 of stainless steel which is con 
nected to a second portion 15 of ?uorinated ethylene 
propylene polymer by ?anges 16. The dimensions of the 
coil and other conditions are balanced in such a manner 
that the gas bubbles which separate the several sections 
of an eluate in the steel tubing 14 are removed by diffusion 
through the polymer tubing 15 before the eluate is dis 
charged from the coil. 
The rate at which the inert gas of the bubbles 13 diffuses 

through permeable tubing depends on the nature of the 
tubing, the molecular weight of the gas, the prevailing 
temperature, the available pressure dilferential, and the 
dimensions of the wall in a manner well known in itself. 
Under otherwise ?xed conditions, the diffusion rate can 
readily be controlled by adjusting the hydrostatic pressure 
in the tubing so that the bubbles disappear just ahead of 
the evaluating station, but not earlier. The pressure is most 
simply adjusted by raising or lowering the container 1 
with ‘the coil if the positions of the column 5 and of the 
photometer 10 are ?xed. 
A pressure differential of 1.5 atmospheres is to be main 

tained across the wall of the tubing portion 15 in FIG. 2 
under conditions otherwise corresponding to those de 
scribed with reference to FIG. 1 if the bubbles are to be 
removed over a -6 meter length of tubing having a thick 
ness of 0.3 mm. and an internal diameter of 0.7 mm. 
Plastic tubing having a wall thickness up to 1 mm. has 
been used successfully. 
Polymers which may replace the ?uorocarbon mate 

rials speci?cally described above under suitable condi 
tions include all commercially available ?uorocarbon 
polymers. Sintered ceramic materials are useful over a 
more limited range of conditions, particularly when used 
wth eluents which do not wet the ceramic walls. They 
permit the use of nitrogen bubbles. Sintered aluminum 
oxide having a pore size of 50 microns has been used 
successfully with an aqueous eluate and nitrogen bubbles 
under a pressure of 750‘ millimeters Hg. 

Polypropylene or ?orinated polypropylene are equally 
suitable for this purpose. 
The invention has been described above with speci?c 

reference to an evaluating station in which an optical 
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property of the reacted eluate is determined by a photom 
eter, but the invention does not reside in the evaluating 
method employed, and its ?eld of application is not 
limited to the speci?c method of eluate analysis described 
above. The ohmic resistance or any other electrical prop 
erty of the several eluate sections may provide a quanti~ 
tative indication of the amount of a speci?c component 
in the eluate, and it will be appreciated that electrical 
measuring methods also require the removal of an 
admixed gas in the manner described above. 

Furthermore, the method and apparatus described 
above can readily be modi?ed by those skilled in the 
art for application to methods of analysis not involving 
chromatography. Similar problems exist in routine blood 
and urine analyses, and the separation of gas bubbles from 
a liquid in such analyses remote from chromatography 
is speci?cally contemplated. 

It should be understood, therefore, that the foregoing 
disclosure relates only to preferred embodiments of the 
invention, and that it is intended to cover all changes 
‘and modi?cations in the examples of the invention herein 
chosen for the purpose of the disclosure which do not 
constitute departures from the spirit and scope of the 
invention set forth in the appended claims. 

I claim: 
1. In a method of analysis in which a liquid is mixed 

with a reagent capable of forming a colored reaction 
product with a component of said liquid, the resulting 

' mixture being liquid, the mixture is passed through elon 

35 

40 

45 

50 

55 

65 

70 

gated capillary tubing to an evaluating station for photo 
metric evaluation, sequential sections of said mixture in 
the tubing are separated by bubbles of an inert gas, and 
the bubbles are removed before entry of said mixture into 
said station, the improvement which comprises: 

(a) passing said sections and said bubbles through a 
portion of said tubing having a wall impermeable to 
said mixture, but permeable to said gas, said wall 
having respective faces in said tubing and outside said 
tubing; 

(b) maintaining a pressure differential between said 
faces su?icient to cause said gas to pass outward of 
said portion of the tubing at a rate sufficient to 're 
move the bubbles from said mixture before the entry 
of the same into said station, 

(1) the rate of ?ow of said mixture in said tubing 
being low enough to permit completion of said 
reaction in said sections in said portion of the 
tubing while the gas of the bubbles separating 
said sections passes through said wall. 

2. In a method as set forth of claim 1, said pressure 
differential being at least 30‘ cm. water column. 

3. In a method as set forth in claim 1, said wall es 
sentially consisting of polytetra?uoroethylene or ?uori— 
nated ethylene propylene polymer, said inert gas being 
hydrogen or helium, and said liquid being aqueous. 
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