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APPARATUS‘FOR CARRYING OUT A RAPID 
CHROMATOGRAPHY OF AMINO ACID AND 
SIMILAR MIXTURES 

Jifi Hrdina, Prague, Czechoslovakia, assignor to 
Ceskoslovenska akademie ved, Prague, Czecho 
slovakia, a corporation of Czechoslovakia 

Filed Mar. 31, 1965, Ser. No. 444,247 
Claims priority, application Czechoslovakia, 

Apr. 13, 1964, 2,139/64 
3 Claims. (Cl. 210-198) 

ABSTRACT OF THE DISCLOSURE 
A chromatographic apparatus particularly for amino 

acids and similar mixtures in which a pump feeds eluents 
from their containers and samples to be analyzed from 
their respective containers into one or two columns. 

The present invention relates to an apparatus for ac— 
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complishing a rapid chromatography of complex mixtures ' 
such as amino acid mixtures. 

Heretofore known semi-automatic and automatic ap 
paratus for the analysis of amino acid and similar com 
plex mixtures use two or three columns which are con 
nected, as a rule, to two or more pumps in order to ob— 
tain a through?ow of elution buffers and of a reagent solu 
tion through the column in addition to a pump for a nin 
hydrin reagent. An apparatus has already been construct 
ed which, in the case of a single column and for practis 
ing gradient elution, uses only one pump in addition to 
that used for ninhydrin. This apparatus requires a rather 
intricate mixing chamber for varying the quality of the 
buffer and a special safety device for accurately terminat 
ing the period during which liquid is drawn from the 
mixer in order to prevent any possible intrusion of air 
into the pump of the column. 
The disadvantages of these types of apparatus are ob 

viated by the present invention. 
According to the invention there is provided an appara 

tus for carrying out the separation of complex mixtures 
having one or more chromatography columns, wherein 
when the apparatus comprises at least two columns, the 
inlet of each column is connected through at. least one 
two-way valve to a single pump, the intake side of which 
is ‘connected to a multiple-way valve, at least three inlets 
of which are respectively connected directly to supply 
conduits from at least two elution buffer solution contain 
ers and to a supply conduit from a regenerating solution 
container and at least two sample reservoirs connected 
either to the intake side of the pump or between the pump 
and the columns, and wherein when the apparatus com 
prises a single column, the inlet of said column is con 
nected directly to the pump. 
The sample reservoirs may be arranged between the 

columns and the two-way valve or, alternatively, between 
the pump and a two-Way valve. Preferably incorporated is 
a multiple-way automatic valve, the individual branches 
or ports of which are connected to the sample reservoirs, 
while its center is connected to the two-way valve which 
in turn is connected to the column. Further, the sample 
reservoirs may be connected to an automatic multiple-way 
valve having an outlet connected to an input of said multi 
ple-way valve. 
An advantage of the apparatus according to the present 

invention consists in the fact that a minimum of mechani— 
cal means is required, whether the work is performed on 
a single column or on two or more columns. Moreover, it 
is possible to use even simple pumps for subordinate or 
mechanical means. The apparatus can be used to advan 
tage primarily with an automatic charging of samples 
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from the reservoirs holding previously prepared samples, 
this being an important feature in practice in order that the 
times for performance of complete analyses may be short 
ened. The apparatus can however, be used to advantage 
even for a manual dosage to the columns, the entire ap 
paratus being thereby simpli?ed to a point where it can 
be put together from the above standard parts. 
Embodiments of the present invention will now be de 

scribed, by way of example, with refernce to the accom 
panying drawings, wherein: 

FIG. 1 features schematically an apparatus intended 
for a pair of columns; 

FIG. 2 illustrates schematically the type of connection 
when pressure reservoirs or dosers are used; 

FIG. 3 illustrates an apparatus with a pair of two-way 
automatic valves; 
FIG. 4 shows one alternative of construction of pres 

sure reservoirs or dosers; . 

FIGS. 5 and 6 illustrate two alternative ways in which 
one multiple-way valve is used instead of two; 

FIG. 7 illustrates the connections in the case when a 
single column is used. 
The apparatus shown in FIG. 1 consists of two chroma 

tography columns 1 and 2 which are connected through 
their bottom capillary outlets to a four-way distributor 
valve 3. This distributor valve can ‘connect the outlet of 
the respective column either to an evaluating device (not 
shown) by way of a duct 4 or to an outlet by way of a 
‘duct 5. The capillary inlets to the columns 1 and 2 are 
connected by way of a two-way valve 6 to the outlet 
branch of a single pump 7, the intake branch of which is 
connected to a multi-way valve 8. The valve 8 has six 
equally spaced inlet branches and a ‘central outlet branch 
which is connected to the pump 7 as shown. One of the 
inlet branches to the valve 8 is connected to the outlet 
branch of an automatic multi-way valve 10, the inlet 
branches of which are connected with a plurality of sam 
ple reservoirs 9. The inlet branches of the valve 8 located 
on each side of the inlet branch connected to the valve 10 
are joined together by a common connection which is 
connected to a container 11 holding an elution buffer of 
a particular pH value. Two other reservoirs 12, 13 hold 
elution bu?Fers of different pH values and are connected 
to respective inlets of the valve 8. The sixth inlet of the 
valve 8 is connected to a container 14 holding a regen 
erating solution. By rotating the valve 8 in ‘a clockwise di 
rection the complete separation of a sample may be 
achieved in one revolution of the valve, i.e., starting from 
the top inlet of the valve 8, ?rst the elution buffer from 
container 11 is drawn through the pump 7 and pumped 
into either of the columns 1 or 2 depending on how the 
valve 6 is arranged, then a sample from one of the res 
ervoirs 9 is pumped into the particular column, then the 
elution buffer from container 11 again which is followed 
successively by elution bulfers from containers 12, 13 and 
?nally at the completion of the separation the regenerat 
ing solution from container 14 is pumped through the 
respective column. ' 

The sample reservoirs 9 are unpressurized i.e. arranged 
on the input side of the pump 7 and thereby the samples 
in the reservoirs are under ambient pressure. It is an es 
sential feature of this embodiment of the invention that 
all the passages, including those of valves 6, 8 and 10, the 
pump 7 and the distributor valve 3, through which a sam— 
ple from any one of the reservoirs 9 ?ows, are of a capil 
lary type and have a minimum of dead spaces thereby en 
suring the maximum amount of the particular sample may 
be delivered to the respective column. 

FIG. 2 to be considered in view of FIG. 1 shows 
schematically an arrangement for use when pressure sam 
ple reservoirs or dosers 15 are used, these dosers being 
symbolized in the drawing by squares outlined in broken 
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lines. Dosers are reservoirs which have their inlets con 
nected to a source of above ambient pressure which in 
the present embodiment is the pressure side of the pump 
7. The arrangement of the apparatus is such that the 
pressure reservoirs or dosers 15 are connected between 
the respective chromatography columns 1, 2 and the 
outlet branches of the two-way valve 6, the connection 
between the respective reservoirs or dosers 15 and the 
columns 1, 2 being of capillary type. The inlet branch 
of the valve 6 is connected by way of the pump 7 to the 
center outlet branch of the multi-way valve 8 which may 
be an automatic six-way valve. This embodiment enables 
the possibility for a step-type gradient elution to be carried 
out as will be described in the following. When only 
three elution buffers, with standard pH values of 3.24, 
4.25 and 5.28 are used, their containers are connected to 
inlet branches 16, 17 and 18 of the valve 8, the regenerat 
ing solution container 14 is connected to inlet branch 
19 which leaves two further inlet branches for connection 
to reservoirs containing a ?ner, step-type gradient elution. 

If it is desired to only use three elution buffer con 
tainers and one regenerating solution container the valve 
8 can have four Ways only, or, alternatively it may be 
substituted by two automatic two-way valves 20 as shown 
in FIG. 3. 

FIG. 4 shows one of the possible arrangements of the 
pressure reservoir 15 connected for instance, to a six-way 
capillary automatic valve 10, a central outlet of which 
leads to a capillary two-way automatic valve 6 which en 
ables an application of a multiple-way valve 10 to both 
columns 1 and 2 alternately; this arrangement differs from 
the embodiment illustrated in FIG. 2, where the two-way 
valve 6 is connected to the input side of pressure reser 
voirs or dosers 15 each column having its own pres 
sure reservoir. An advantage of the embodiment illus 
trated in FIG. 4 consists in a shorter and less complex 
capillary connection with any one of the closers 15 to 
the respective columns 1 and 2. Instead of two automatic 
multiple-way valves arranged one after another it is pos 
sible according to FIG. 4 to use only one multiple-way 
valve 8 as shown in FIGS. 5 and 6. This valve 8 has to 
be a multiple-way valve so as to permit a successive in 
terconnection of the central outlet to the intake branches 
for supply from the respective buffer containers and from 
sample storage reservoirs 9. 

In the embodiment shown in FIG. 5 the valve 8 is a 
multiple-way valve having for example six inlet branches. 
The ?rst, third and ?fth of the inlet branches, counting in 
a clockwise direction are joined together by a commonly 
connecting supply branch 21 for individual elution buffers 
and a regenerating solution is connected to said common 
connection. Said supply branch 21 may be connected to 
the outlet of a multiple-way valve (not shown) to the 
inlets of which are connected to the respective containers 
of said elution buffers and said regenerating solution. The 
second, fourth and sixth of the said inlet branches of the 
valve 8 are separately connected to- sample reservoirs 9. 
The central outlet from the valve 8 may be connected 
either to the intake branch of a pump 7 in case the sam 
ple reservoirs 9 are of pressureless type or to a chromatog 
raphy column or columns in case the sample reservoirs 
9 are of pressure type. By connecting the outlet of the 
valve 8 to the supply branch inlets and to the respective 
sample inlets for appropriate periods of time, complete 
separations of the respective samples can be carried out 
in turn by rotating the valve 8 in a clockwise direction 
(FIG. 5). For example, starting with the outlet branch 
connected to the ?rst inlet, a basic buffer is supplied to 
the column by way of the supply branch 21, then the valve 
is turned so that the outlet is connected to the second inlet 
through which a sample is conveyed to the column, the 
valve is then turned so that the outlet is connected to the 
third inlet through which one or more elution buffers are 
supplied to the column by way of supply branch 21 until 
the separation of the sample is complete after which a 
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regenerating solution followed by the basic buffer is fed 
into the column by way of supply branch 21, the cycle 
is then repeated by turning the valve 8 to the fourth inlet 
to admit the next sample to the column. 
The embodiment shown in FIG. 6 is a modi?cation of 

that shown in FIG. 5. The main difference between the 
two embodiments is that instead of the common supply 
branch 21 in FIG. 5 the valve 8 in FIG. 6 is a bigger valve 
than that in FIG. 5 and has many more inlet branches 
e.g., ten shown in FIG. 6. Counting in a clockwise di 
rection, the ?rst, third, sixth and eighth of the inlet 
branches are joined together by a common connection 
which may for example, be connected to a ?rst elution 
buffer container; the fourth and ninth of the said inlet 
branches are joined together by a common connection 
which may for example, be connected to a second elution 
buffer container; the ?fth and tenth of the said inlet 
branches are joined together by a common connection 
which may for example, be connected to a regenerating 
solution container, and the second and seventh of the said 
inlet branches are separately connected to respective sam 
ple reservoirs 9. The central outlet branch of the valve 8 
may be connected in either of the ways described with 
respect to FIG. 5. By successive connection of the inlets 
of the valve 8 to the outlet for appropriate periods of time, 
complete separations of samples can be carried out in turn 
by rotating the valve 8 in a clockwise direction (FIG. 6). 
The entire connection however, is considerably sim 

pli?ed by the embodiment illustrated in FIG. 7. In this 
?gure a single chromatography column 1, having a capil 
lary outlet 4, is connected by way of pump 7 to the outlet 
branch of'a multiple-way valve 8. One inlet branch of the 
valve 8 is connected to an outlet branch of an automatic 
multiple-way valve 10‘ having sample reservoirs 9‘ con 
nected separately to the inlet branches thereof. The inlet 
branches of the valve 8 arranged on each side of the in 
let branch connected to the valve 10‘ are joined together 
by a common connection which is connected to a con 
tainer 11 of a basic elution buffer. The remaining inlet 
branches may, for example, be connected to containers 
holding other elution buffers and a regenerating solution. 
The connections between the valve 10 and the column 
are all of capillary type. 

While speci?c embodiments of my invention have been 
shown and described in detail to illustrate the application 
of the principles of my invention, it will be understood 
that the same may be otherwise embodied without depart~ 
ing from such principles. 
What I claim as my invention is: 
1. In an apparatus for the chromatography of amino 

acids and similar mixtures the improvement comprising 
in combination a plurality of reservoirs for the sam 
ples to be analyzed; a ?rst hydraulic multi-way valve dis 
tributor having a plurality of intakes each associated with 
one of said reservoirs and a common ?rst outlet; a plu 
rality of containers for the eluent; a second multi-way 
valve distributor having a plurality of intakes each asso 
ciated with one of said containers and a common second 
outlet leading into said ?rst distributor; not more than 
two columns arranged in parallel; pumping means draw 
ing liquid from said ?rst outlet and delivering it selec 
tively to one of said columns; third valve means effect 
ing such selective delivery; an outlet line leading from 
each column; and fourth valve means selectively connect 
ing said outlet lines to an evaluating device. 

2. An apparatus for the chromatography of amino 
acids and similar mixtures according to claim 1 compris 
ing a pressure doser in front of each column. 

3. An apparatus for the chromatography of amino 
acids and similar mixtures according to claim 1 compris 
ing a pressure dosing device between the pumping means 
and the third valve means. 
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