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_ This invention relates to an apparétus for and a
nethod of identifying elements by using specified
identification tables to compare data from a chromatogram
cbtained in gaes or liquid chromatography.

Fig. 6§ shows steps by which elements contained in a
sample are identified in a prior art qnalitaéiVe analysis.
First, an analysis is carried out with a chromategraph to
cbtain a c¢hromatogran whlch shows the concentraticns of
elements (relative 1ntenszty) eluted from a separation column
as a function of time (Step 5101). DPeaks are detected by
analyzing the chromatogram, from which data such as peak times
and peak areas are obtained (Step sio2). Neit, each of the
peak times in the analyzed data is compared with a
praliminarily prepared identification table to identify the
element corresponding to each peak (Step $103). This
identification table is uysually prepared by analyzing known
materials and ¢ontains data sueh as components, retention
times and peak shapes (areas and heights) ccrrespond;ng to.
these components. In Step S103, each component is identified
by determining the retention time in the table with which each
peak time matches, : '

If the refarenced table is inadequate, however,
there may remain many unidentifiable components on the
chromatogram or components with retention times to which no
peak time will match. In such a situation (NO in Staep S104),
the identification table is either corrected or replaced by
another (Step S106) and the step of peak ildentification (Step
$103) is repeated. Only after it is concluded that a normal
analysis has been done (YES in Step S104), the results such as



the names of the ildentified compenents ars outputted (Step
§10S) .

By this prier art routine, Steps $103, 8104 and S106
must be repeated as many times as necessary until an
appropriate identification table can he set, In the analysis
of a substance such as gasoline, containing hundreds of
different components, each of which may be of different kinds,
depending on the supplier, for example, it is extremely
diffienlt o select an appropriate identification table. If
it is neceggary for the analyzsr himself or herself to keep
replacing the identification table and repeating the analyses,
the qualitative analysis becomes both time consuming and labor
consuming.

Summary of the Invention

It is therefore an object of this invention to
eliminate, or substantially reduce the number of
unidentifiable components in a qualitative analysis based a
chromatogran.

It is another object of this invention to provide an
improved technology of gualitative analysis by automatically
selecting an identification table foxr identifying peaks
acceording to the sample.

The technology (apparatus and method) embodying this
invention, with which the above and octher objects can be
accomplished, wmay be characterized as comprising means for or
steps of storing identification tables witH different contents
corresponding to presences and absences of specified
components, identifying peaks corresponding to these specified
compenents in a chromatogram and thersby detarnrining presences
and absences of these specified components in the sample,
selecting a specified one of the stored identification tables
according to the result of the identification, and identifying
components corresponding to each of the peaks in the
chromatogram by comparing with the selected identification



table.

According to this invention, one or more specified
components are selected according to the kind of sample to be
analyzed, and identification tables with different contents
depending on whether or not these selected components are
contained are produced and stored in a memory means.
Components which can characterize the samples to ke analyzed
are selected as the specified components. In other words, .
components of the kind which are contained in sach sample by
about the same amount are not effective, but those with
contents which vary significantly from one sample to another
are preferred. Identification takles are produced such that
it will be possible to identify all specified components
contained in each of samples, which can be distinguished by
the presencs Or absence of these specifiaed components.

When a sample 12 chromatographically analyzed,
presence and absence of specified components are determined by
comparing peaks in a chrematogram with an identification table
for these specified components. Depending on the result of
this determination of presances and absences, a suitable one
of identification fables stored in the memory means is
selected, and thase specified components are identified by
comparing each peak in the chromategram with the values in the
selacted identification table. '

If the selected specifiad components are such that
each sample is to be identified by the magnitudes of their
contents (instead of their presence and absence), it is
preferable to conclude in the case of a peak which seems to
indicate only a small content that the corresponding component
is not contained in the peak.

Accerding to this invention, a most suitable one of
a plurality of preliminarily stored idantification tablas is
autcmatically seleated for the identification of each peak.
IThus, identification of peaks can be accomplished more
reliadbly, and unidentifiable components can be either totally



eliminated or their number can be significantly reduced. As a
result, the occurrence of failure in analysis becomes leass
frequent and the waste in time and laber for repeating
analysis can be reduced, that is, qualitative analyses can be
carried out with a higher efficiency.

The accompanying drawings, which are incorperated in
and form a part of this specification, illustrate an
embodiments of the invention and, together with the
descriptioen, serve to explain the principles of the invention.
In the drawings:

Fig. 1 is a bleck diagram of a gas chromatograph
provided with a data processing unit of this invention:

Fig. 2 is a funetional block diagram of the data
processing unit of Fig. 1:

Filg. 3 is a portion of an identificatien tadle;

Fig. 4 is a flow chart of cperations embodying this
invention by the data processing unit:

Fig. 5 is'a flow chart of another mode of operations
enbodying this invention by the data processing unit; and

' Fig. 6 is a flow chart of a prior art method of
chromatographic gqualitative analysis.

Detailed T - ¢ tha I £
A data processing unit embodying this invention will
be described with reference to Figs. 1-4. Pig. 1 shows the
whole of a gas chromatograph 10 using a data processing unit
according to this inventien, including a source of carrier gas
11 serving as the mobile phase, a sample vaporization chamber
12, an automatic sample injector 13 for automatiecally
injecting a sample ints the sample vaporization chamber 12, a
capillary column 14, a detector 15 disposed at the outlet of
the capillary column 14, a data processing unit 16 for
analyzing detection signals Sd@ from the detector 15 and a



printer 17 for outputting the results of analysis. A personal
computer is usually used as the data processing unit 16, and
software of different kinds is used with this persenal
computer to carry out data processing as will be described
below,

A chromatographic ahalysis is carried ocut first by
establishing a flow of carrier gas at a specified rate from
the source 11 through the sample vaporization chamber 12 inte
the capillazy column 14. If a liquid sample is
instantaneously injected from the automatic injector 13 to the
sample vaporization chamber 12, the sample which is vaporized
inside the sample vaporization chaxber 12 is carried by the
carrier .gas into the capillary column 14. Each component of
the sample is separated time-wise while passing through the
column’ 14 and eluted out with its own retention time. The
concentrations of individual components being eluted are
.sequentially detected by the datector 15 and a detaction
signal 5d is outputted to the data processing unit 16. The
data processing unit 16 serves not only to produce a
chromatogram on the basis of the racalved detection sigmal sd
but also to analyze this chrematogram, as will be described in
detall below, to therchby carry out qualitative and
quantitative analyses of the sample.

Operations by the data processing unit 16 are
described next with reference to the functional hleck diagram
of Fig..2 in terms of means for carrying out different
procasses. Described in this language, the data processing
unit 16 includes a chromatogram~preducing means 161 for
Producing a chromatogram on the basis of the detaction signal
Sd receivad from the detector 15, a peak-detecting means 162
for detecting peaks from the chromatogram accoxding to a
specified standar»d and obtaining amalytical data Sc on each of
the detected peaks, a peak-idsntifying means 163 for
identifying components corresponding to each peak by comparing
the analytical data 8¢ with a specified identification table,
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a memory means l64 for storing a plurality of identification
tables as will be described below, and a table-selecting means
165 for selecting an identification table to be used for the
identification of peaks.

Each identification (ID) table is structured as
schematically shewn in Pig. 3, recoyding for each component
contained in samples its retention time and the width of
detection window. In the example of Fig. 3, the retantion
time of Component "am is 1041 minutes, that is, in the range
of 9-11 minutes. Any number of compenents may be included in
an identification table but since many hundreds of components
must be checked in the analysis of gasoline, for exanple,
identification tables containing about one thousand compounds
are preferred.

a The data processing unit 16 serves to preliminarily
select a plurality of components correspanding to the kinds of
samples %o he analyzed, or a group of samples with similaxr
compositions. In the case of analyzing gasoline samples, for -
example, it is recognized that there are many different kinds
of gasoline of waich the main ¢omponents may be the same but
the concentrations of some other components may differ
significéntly, Thus, such components of which the
concentrations differ relatively greatly are selected such
that gascline samples can be more reliadbly identified (such as
in terms of their makers). In the case of gasoline samples,
for example, additives such as benzene, toluene and xylene may
be favorably treated as specified components.

| Next, identification tables are produced, containing
all components that are contained in gascline samples which
will be identifiable from &he combination of presences and
absences of aforementioned plurality of specified components.
If three components A, 2 and C have been specified, for
example, there are 2°=8 combinations of their presences and
absences. Since they are components adapted to characterize
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the differences among tha samples, identification tables which
are mutually different and reflect the prasences and absencas
of these specified components corresponding to each of these
combinations are produced. Let "1Y and "0" respectively
indicate presence and absence of each of the three companents.
Then, the eight identification tables corresponding to the
aforamentionad elght patterns of presences and absences may ke
representad as follows:

{a, B, C)=(0,0,0): Idantification table No. 1 (ID1):
(A, B, C)=(0,0,1): Identification table No. 2 (ID2)}:
(A, B, C)={0,1,0): Identification table No. 3 (ID3);
(A, B, C)=(0,1,1): Identificatiocn table No. 4 (ID4);
(A, B, C)=(1,0,0): Identification takle No. 5 (IDS5);
(A, B, C)={1,0,1): Identification table No. & (ID&)};
(3, B, €)=(1,1,0): Identification table No. 7 (ID7):
{A, B, €)=(1,1,1): Identification table No. & (ID8);

and eight kinds of such tables are stored in the memory means
164, Aside from these, a standard identification table IDS is
produced for the identification of these specified components
A, B and C and stored alse in the memory means 164. The
standard identification table IDS includes only the specified
componants, thelr ratention times and the widths of their
datection windows. )

Actual operations by the data processing unit 16,
aftexr the plurality of identification tables have been stored
in its memory means 164, will be explained next with reference
to the flow chart of Pig. 4.

First, the chromatogram-producing means 161 produces
a chromatogram after the chromatographic analysis of a given
sample is completed (Step S1). ©On the basis of the daka
represanted by the chromatogram, the peak~detecting means 162
detects the peaks identifiabla on the chromatogram (Step 52),
for example, by identifying the beginning of a peak where the
slope of the curve on the chromatogram exceeds a certain
threshold value and the end of the peak where, after the slope



becomes zero and then negative, its absolute value exceeds
anagther threshold value. The point where the slope hecomes
zere may be identified as the peak top. Tha peak-detecting
means 162 identifies the times at which peaks appear (peak
times), the heights of the peaks and the areas of the peaks
and transmits these analytical data Se to the peak-identifying
means 163. .
The peak-identifying means 163 first <ompares each
of the peak times contained in the analytical data Sc with the
standard identification table IDS stored in the memory means
164 to identify the three specified cemponents A, B and C
(Step 83). In other words, it is checked whather cr not each

" of the inputted peak times corresponds to tha retention times
in the standard identification table IDS and thereby
determined whether the three specified compenents are present
or absent. 3 pattern (i, B, C) is thus cbtained (Step S4).

In aforementioned Step 53 for identifying the
spacified component, it may be preferable in scme situations
to increase the threshold values for their identification such
that, if a sample contains only very small quantities of 2
specified component, such a sample will be considered as not
centaining the specified component. Thie may be
accomplished, for example, by increasing the threshold value
of the peak height or the peak area for identifying the
presance of a specified component beyoend its value when all
components are later identified. It is advantageous to thus
make flexible the condition for identification of a specified
component because ths specified components can be selected
from a wider range and the effects of noise due, for example,
to impurities ¢an ke sliminated so as to aveid errors in the
ldentification of the specified compcnents.

The pattarn (A, B, C) of the specified components
thus obtained is inputted e the table-selecting meaﬁs 165.
Thg table-selecting means 165 then selacts one of the
identification tables corresponding to this particular pattern



and retrievas it from the memory means 164 (Step S3). The
identification table thus selected and retrieved will be
hereinafter referred to as "the selected identification table
InxX."

Next, the peak-identifying means 163 compares the
peak time of each peak contained in the inputted analytical
data Sc with the selected identification table IDX and
determines which of the retention times in the selescted
identification table IDX matches with any of the peak times,

‘thereby identifying the components contained in the sample

{(Stap S6). The names and other data of the identified
components are outputtad throﬁgh the printer 17 as results of
the gualitative analysis (Stsp §7).

3 - Since the retention times in the identification
table are given with a width, as explained above, '
identifications are possible even .if there are some variations
in the peak time in the analytical data Sc due teo variations
in the conditions of analysis or the presencs of impurities.
In the case of an exceptionally large variation in a condition
of analysis, for example, such that unidentifiadle components
are left whiech could not be identified by comparing with the
selected identification table IDX, a cenventional method of
correcting the identification table, etce. must be used. '
Alternatively, as disclosed in Japaness Patent Publication.
Tokkai 7-238326, the peak times of unidentified components may
be displayed on a screen of a display device together witk the
selected identificaticn table IDS such that the ugser can
operate a mouse or the like while watching such a screen
display to input identification data for identifying an
wnidentified component.

Although the inventicn has been described above with
referance te only one example, this exanple is not intended to
limit the scope of this invention. Many modifications and
variations are possible within the scope of this invention.
For axample, although the identification of specified

~
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components in step $3 is carried ocut only once according to
the ambodiment dascribed above before one of tha
identification tablas is salected according to the ¢btained
pattern of the specified components, a more complicated step
may be taken for selecting an optimum identification table, as
shown, for example, in Fig.. 5 by repeating a simllar analysis
with another set of different components, say, D, E and F.

Explained more in detail, Steps S11 and S12 in the
flow chart of Fig. 5 are the same raspectively as Steps s1 and
S2 of Pig. 4. In Steps S13, S14 and S15, the processes in
Steps S4, S5 and S6 are carried out by specifying components
A, B and C and using Identification tables Nos. 1-8 (ID1-ID8),
as described above. Thereafter, Steps S13, S14 and S15 are
repeated as Steps S1§, S17 and $18 by specifying different
céﬁponents D, E and F. The components D, E and F are selected
such that the 2°=8 combinations of their presences and
absences will cozraspond to at least some of the
Identification tables Nos 1-8. D, E and ¥ may be selected,
Tox example, such that the eight identification tables
correspending to the aforementioned eight patterns of theix
presences and absences are as follows: )

(B, B, F)=(0,0,0): Identification table No. 2 (ID2);
(B, B, F)=(0,0,1): Identification table No. 1 (ID1l);
{D, E, F)=(0,1,0): Identification table No. 4 (ID4); .
(D, E, F)=(0,1,1): Identification takle No. 3 (ID3);

(D, E, F)=(1,0,0): No Identification table;

(D, E, F)=(1,0,1): Identification tadble No. & (ID6);

(D, E, F}=(1,1,0): Identification table No. 4 (ID4);

(D, E, ¥)=(1,1,1): Identification table No. 3 (ID3):
where "No Identification table! means that no corresponding
identification table is sae%.

If the same identification table, such as
Identification table No. 2 (ID2), was selected in Step S13 on
the basis of components A, B and € and in Step S18 on ths
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basls of components D, E and F (¥YES in Step S19), this
identification table is selected as represanting the result aof
the analysis and this yesult of analysis is outputted (Stap
§20). If differaent identification tables are selected in
Steps S15 and S18 (NO in Step S19), on the other hand, it is
deamed that the identification was not successful or that the
analysis ended in an error (step S21). If (D, E, F)}=(1,0,0)
iz selected in the present example such that there is no
corresponding identification table, it is alse considered an
errer. In the case of such an error, another attempt at
identification may be made by correcting the conditions for
the identification of the componaents.

In summary, such modifications and variations that
are apparent to oxdinary persons skilled in the art are
intended to be included within the scope of this invention.
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1. A data processing unit for identifying components in a
sample by comparing data obtained from a chromatogram of a
chromatographically analyzed sample with specified
identification tables, said data processing unit comprising:

memory means for storing identification tahles with
‘different contents corresponding to presences and absences of
specified components;

peak~identifying means for identifying peaks
corresponding to a set of said speciftiad ‘components in said
chromataogran and thereby determining presences and absences of
gaid set of specified components in said sample;

selecting means for selecting a.specified one of said
identification tables in said memory means according to the
result of determination by said peak-identifying means; and

component-identifying means for identifying components
corresponding to each of said peaks in said chromatogram by
comparing with said selacted identification table.

2. The data processing unit of claim 1 wherein
concentrations of said specified components in Samples te be
analyzed by said unit are significantly different.

3. B method of chromatographically identifying compenents in
a sample, said method comprising the steps of:

obtaining a chromatogram of a chromatographically
analyzed sampla;

storing identification tables with different contents
coxrresponding to presences and absencss of specified
components;

identifying peaks corresponding te said specified
cemponents in said chromategram and determining for sach of
said identified peaks presences and absences of a set of said
specified components; '
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selecting éne of sajid identirficatien tables according to
the rasult of sald determined presences and absences; and

identifying components corresponding to said each
identified peak in sald chromatogram by comparing with saigd
salected identification table.
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4. The method of claim 3 further comprising the ‘step of
salecting sald specified components such that concentrations
of said specified components in samples to be analyzed by said
method are significantly different.

5. The method of claim 4 further comprising the step of
producing said identification tables corraspending to said
selected specified components. :

6. The methed of claim 5 wherein each of sald identification
tables is produced by analyzing samples containing known
amounts of said selected specified components. '

7. The method of claim 3 further comprising the steps of:
determining for said each identified peak presences and
absences of another set of said specified compdhents;
selecting another of said identification tables; and
identifying components corresponding teo said each
identified peak by comparing with said another selected
identification tabls.

s. The method of claim 7 further comprising the step of
determining whether the rasults of the two steps of ~
identifying compenents agree or not.



