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m\TA PR.OCISSXNQ UNIT FOB UP METB'OD OF QIBOQTQGRAPHX 

sapkgrou»d of the Invention 
This invention relates to an apparatus for and a 

method of identifyinq elements by usinq specified 
identif ieation ta})les to com.pare data from a <:hromato<Jra• 
o~tained in qas or liquid chromatography. 

Fig. 6 shows staps by which elemen~s contained in a 
sa:mple are identi~ied in a prior art qualitative analysisa 
First, an analysis is carl:ied out with a_chromatcc,:Jraph to 
obtain a chrom.atoqram which shows the concentrations of 
elements (relative intensity) eluted fr~m a separation collll'lln 
as a function of time (Step SlOl.) • Peaks are detected by 
analyzing' the chromatogram, from which data such as peak times 
and peak areas are obtained (Step s102). Next, each of the 
peak times in th• analyaed data is COl2lpared with a 
~•liminarily pr•pared identi;ieation table to identi£y the 
element corresponclinq to each peak (Step Sl.OJ:) ... ,, ~is 
identification table is usually prepared by analyzing known 
:materials and contains data such as components, retention 
ti:mes and peak shapes (areas and heiqhts) c:orrespondinq to. 
these components. In Step Sl03, each component is identif'ied 
by determining the retention time in the table with which each. 
peak the matdles, 

If the :referenced table is inadequate, however, 
there may remain many unidentifiable componen.ts on the 
chromatogram or components with retention tim.es to which no 
peak time will mateh. In such a situation (NO in st~p Sl04), 
the identification ta~le is either eorrected or replaced ~Y 
another (Step SlOc) and the step ot peak identification {Step 
Sl03) is repeated. Only after it is eoneluded that a normal 
analysis has been done (YES in step Sl04), the results suc:h as 
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the nCD11es of the identified co~ponents are outputted (Step 
Sl.05). 

By this prior art routine, St~ps Sl03, Sl04 and S106 

must be repeated as many tillles as necessal:'Y until an 
appropriate identifi~ation table can be set. In the analysis 
of a substance sueh as gasoline, containing hundl:'eds of 
different cOll\ponents, each of which may be of ditferent kinds, 
depending on the supplier, for example, it is extremely 
difficult to select an appropriate identitieation table. Ir 
it is necessary for the analyzer hiDself or herself to keep 
replacinq the identification tal)le and repeatinq the analyses, 
the qnalitative analysis becomes both time consumin9 and labor 
consuming. 

smnma:ey of the Invent ipn 

It is therefo:e an object ot this invention to 
eliminate, or substantially reduce the nUlnl:>er o~ 
unident~fiabl• eoiaponents in a qualitative analysis based a 
c:hromato9.ram. 

It is another object of this invention to prQvide an 
improved technology of qualitative analysis by aut~matically 

seleetinq an identif ieation table fo~ identifyinq peaks 
aceordinq to the sa»pl•. 

~e tecli.r."lology (apparatus and methQd) embodyirr.9' 'this 

invention, with which the above and other objects can be 
accc.mplished, ~ay be characterized as 001Dprisin9 means.for or 
steps of storinq idantification tables witH different contents 
eorrespondinq to presences and abaences of speeif ied 
CO'l'D.ponents, identifying peaks corresponding to these specified 
eo~ponents in a ehrematoq.raln and th•reby determining presences 
and 'absQnces of these specified components in the sample, 
selecting a specified one of the stored identif ieation table$ 
according to the result of the identification, and identifyin9 
components correspondinq to each of the peaks in the 
chromatogrmn by comparing with the selected identification 
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table. 
According to this invention, one or mora specified 

components are selected ~cecrding to the kind of sa~pl• to be 
analyzed, and identification tables ~ith diffarent contents 
dependin~ on whether or not these selected components are 
contained are produced and stored in a memory means. 
Coltlponents whic:h can characterize the samples to be analyzed 
are. selected as the apecified components. :In other words, . 
components of the kind which are contained in eaeh sample ~y 
about the sama count are not effective, but those with 
contents which vary si911ificantly :rem one sample to another 
are pref'4rred. Identification tabJ.es are produced such that 
it will be possible to identify all specified components 
C?~tained in each of samples, which can b& distinquishad by 
the presence o:r allsence ot these specified co~ponents. 

When a sample is chromatoqraphically analyzed, 
presence and al>sence of specified components are deter.mined by 

compari~g peakS in a ehro~atosram with an identi~icaticn tal,,le 
for thesa specified components~ Depending on the result ot 
this determination of presences and absences, a suitable one 
of identification taDles stored in' the memory means is 
sel.ectad, and these specif iad components are identif iad by 
comparing each peak in the c:hrom.atoqram with the values in the 
selected identification table. 

If the selected specif iad components are such that 
each sample is to b~ identified by the JD.agnitudes of ~eir 
contents (instead of their presence and absence), it is 
~~a£erab1e to conclu.de in the case of a peak which seams to 
indicate only a s~all content that the corresponding co~ponent 
is not contained in the peak. 

According to this invention, a most suitable one of 
a plurality of prelimina~ily stored identification tablas is 
aut01natieally selected fQr the identification of each peak. 
rhus, identification of peaks can be accomplished ~ore 
reliably, and unidontifiable components ean be either totally 



4 

eliminated or their number =an be siqnifica1'1tly reduced. As a 
result, the occurrence of failure in analysis becomes loss 
frequent ancl the waste in time and labor tor repeatinq 
analysis can be r~uced, that is, qualitative analyses can be 
carried out with a hiqhar efficiency. 

&ritt peaeription of the Prayings; 
The aecompanyinq drawinqs, which are incorporated in 

and for.m a part of this specification, illustrate an 
eabod.illents of the invention and, together with the 
dascription, serve to explain the princip1es of the invention. 
In the clrawinqs: 

719. 1 is a block dia9%'D of a gas chromatogl:'aph 
provided with. a data processinq unit of this invention: 

Fiq. 2 is a functional block diagram of the data 
processin~ unit cf Fiq. l; 

Fiq. 3 is a portion of an identification table; 
Fiq~ 4 is a fl~w chart of operations elrlbodyinq this 

invention by the data p:rocessin9 unit; 
Fiq. s is'a tlow chart of another lnode of operations 

embo~yinq this inventi~n by the data p:roeessing: .. unit; and 
Fig .. e is a flow chart of a prior art method of 

chro:m.atog:raphic qualitative analysis. 

Detailed 'QesQri~tjon of th• Inyention 

A data procassinq unit embodying this invention will 
be describ•d with reference to Figs. 1-4. Pig. 1 shows the 
whole of a ~as chromatogJ:aph 10 using a data proeessinq unit 
according to this invention, inQ1uding a source of carrier 9as 
11 serving as the mobile phase, a sample vaporization·challlber 
12, an automatic sa:t11ple injector 13 for a~tomatieally 
injectinq a sample into the sample vaporization chamber 12, a 
capillary colUl11n 14, a detector 15 disposed at th$ outlet of 
the capillary column 14, a data processing unit 16 for 
analyzing detection siqnals Sd from the detector 15 and a 
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printer 17 for outputtinq the ~esults ct.analysis. A personal 
ccmput•~ is usually used as the data processinq unit 16, and 
sottwara of different kinds is used with this personal 
computer to carry out data processing as will be described 
l'Jelow. 

A chromatographic analysis is carried out first by 
estal>lishinq a flow of carrier ~as at a specified rate from 
the sour~ ll thrcuc;Jh the sample vaporization Chal!lber 12 into 
the capillary column 14. Xf ·a liquid sample is 
instantaneously injected from the automatic injector 13 to the 
sample vaporization chamber 12, the sa:mpie whic::h is vaporized 
inside the sa:mple vapcriza.ticn chamber 12 is carried 'by the 
canier.qas into t.he capillary eolu:n 14. Badl component of' 
the sa321ple is separated tillle-wise while passing t=ow;h' the 
coll.UDn."14 and eiu~ed out with its own retention time. 'rhe 
concentrations of individual cgmponents beinq eluted are 
.sequentially detected by the d~tector 15 and a detection 
signal Sd is outpu.tted to the data processing unit 16. The 
data processing unit 16 Sert/es not only to produce a 
c::hromatQfiJZ'aJn on the basis of the racaived detection signal Sd 
but. also .to analy.ze this chromatog-ram, as will. .~ described. in 
detail below, to the:t"eby carry ou.t qualitative and 
quantitatiye ana1yses of the sample. 

operations by the data processins·unit 16 are 
described next with reference to tha functional. block diaqram 
of J'iq •. 2 in terms of means for earry~q out different 
processes. Describe.a in this language, tha data proeessing 
unit 15 includes a ehromatcqram-produein~ means 161 tor 
produein9 a chromatoqram on the basis of the detection signal 
Sd recaivad from the detector 15, a peak-detectin~ means 1o2 
for detectinq peaks from the ohromatoqram accordinq to a 
specified standard ~nd obtaininq analyeical data Sc on e~~h of 

the detected peaks, a ~eak-idantifyinq means 163 for 
identifyinq components corresponding to each peak by comparinq 
the a..~alytical data Se with a specified identification table, 
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a me~ory means 164 tor storing a plurality ot identi~ication 
tables as will be 4escribed below, and a table-seleotinq ~eans 
165 for selectinq an identification tabl$ to be used for the 
identification of peaks. 

Each identification (ID) table is struetu~ed. as 
schematically shown in Fig. 3, re.eol:din<; for each component 
conta~ed in sa:mples its retention time and the width of 
dateetion window. In the example of Fig. 3 1 the retention 
time of component 11 an is lO±l mintltes, that is, in the range 
of 9-ll 111inutes. Any nlllllber of eompene."lts may Joe included in 
an identification table but since :many hundreds of components 
:must be checked in the analysis of ~asoline, for ex<UQple, 
identificatiQn tables containing about one thousand compounds 
are preferred. 

The data processinq unit 16 serves to preliminarily 
sel•et a plurality o~ Qomponents correspondinq ta tna kinds ¢f 
samples to be analyzed, o: a group of saltl'Ples vith similar 
CQmpositions. ln the case of analyzin9 gasoline sa:mples, for 
~-.uple, it is recognized that there are many different kinds 
of gasoline of Which the main c:omponents may be the same but 
the concentrations of some other comp<ments •y .diff'er 
siqnific:antly. Thus, such components of which the 
concentrations ditfer relatively graatlY are selected such 
that gasoline samples oan be more reliably identified {such as 
in terms of their make~s). In the ease of qasoline samples, 
for ..xample, additivea such as benzene, toluene and xylene may 
ce favorably treated as specified componen~s. 

Next, identification ta~les are producQd 1 oontainin~ 

all components that are contained in gasoline samples ~hich 
will be identifiable from tlle combination of presences and 
a.1'sences of aforementioned plurality of speeified components. 
If threa components A, a and c have :been specified,- ~or 

example, there are 2 3=8 combinations of their presences and 
a.bsena•s. Since they are components adapted to characterize 
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the differences amonq the samples, identitication tal::lles which 
are mutualiy different and reflect the presences and absence$ 
ot thase speoif ied components correspondinq to each of these 
c01ll.'binations are produced. Let 11 1".and "O" respectively 
indicate presence and absence of each of the three components. 
Th~, the eight identification tables oor~esponding to the 
af oramentioned ei~ht patterns of presences and absences may ~e 
represented as fellows: 

(A, a, C)=(O,O,O): Identifi9ation table No. l (ID1); 

(A, B, C)=(0,0 1 1): Id•ntification t~le No. 2 (:I02}: 

(A, B, C)==(O,l,O): Identification table No. 3 (%:03) ; 

(A, :s, C)=(0,11 1): Identitieation tab1e No. 4 (ID4); 

(A, :B, C)=(1,0~0}: Identification table No- 5 (I05)1 

(A, a, C}={1,.0,l): Identification tah1e No. 0 (lD6); 

(A, B, C)=(l,1,0}: Identification table No. 1 CIP7); 
{A, B, C)=(l.1 1,J.): Identitieation table No. 8 (IPS); 

and eic;ht l<ind.s of such tables a.re stored in the memory means 
164. Aside fre~ these, a standard identification table ros is 
produced for the identification of these specified components 
A, s and c and stored also in the memory :means 1~4. 'rhe 
standard identification table ItlS includes only,_ the specified 
components, their retention times and the widths of their 
detection windows. 

Actual opera:tions by the data procassing unit l.6,, 

after the plurality Of identification tables have ~een stored 
in its memory means 164, will be explained next with reference 
to the flow chart of Pig. 4. 

rirst, the chromato9Ta:m-producin~ means 16; produces 
a chromatogram after the chromatographic analysis of a qiven 
sample is eempleted (Step Sl). on the basis of the data 
represented by the chl-o=atog:ra.~, the peak-detecting means 162 
detects the peaks identifiable on the ehro~atoc;ra..~ (Step 52), 

for ~alllp1e, by identifying t.~e beqinn~ng of a pea~ where the 
slope of the eu~1e on the ~hr<T.llato9ram exceeds a certain 
threshold value and the end of the peak where, after t.~~ slope 
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becomes zer~ and then negative, its absolute value exce~ds 
another threshold value. The point where the slope becomes 
zero may be identitied. as the peak top. Th• peak-detecting 
means 164 identif i•• the times at which pea.ks appear (peak 
till!.es), the heights of the peaks and the areas ef the peaks 
and tranS'l'l'lits these analytical data Se to the peak-identifying' 
111eans lol. 

The peak-identifying l!leans 163 first compares each 
of the peak times contained in the anaiytical data Sc with the 
standard identitieation table IDS stored in the ~emory means 
164 to identify tha three specified compon~~ts A, B and c 
(Step SJ). In other vords, it is checked whether or not each 
of the inputted peak times corresponds to tha retention times 
in the standard. identification table IOS and thereby 
dete%lnined whether the three specified co~ponents are present 
er absent. A pattern (A, B, C) is thus obtained (Step S4). 

In af orel!1e.ntioned Step S3 for identifying the 
specified component, it may be preferable in some situations 
to increase the threshold ~alues for th6ir ide?lti~ieation such 
'th~t, if a sample contains only Varf small quantities of a 
specified eompon~t, such a sample will be eons~dered as not 
containin~ the specified component. ~his may ~e 
accomplished, for exampla, by increasing the threshold value 
of the peak heiqht or the ~ak area for identityinq the 
presenea of a specified component beyond its value when all 
Ccmlponents are later identified. It is advantageous to thus 
make flexible the condition for identificatiQn of a specified 
component because the specified eompcnents can be seiected 
from a wider range and t..~e efrec~s of noise due, fer example, 
to impurities ~an b• Qliminated so as to avoid arrors in the 
identification of th$ specified components. 

T~e ~attarn (A, B, C} of the $pacified co~ponents 
thus obtained is inputted to t.~e table-salecting means 165. 
'l'he table-selecting means lGS then s~lacts one of the . 
iden~ification tables ecrresponding to this partieular pattarn 



-----------··-----···----·-····-----·· 

9 

and retrieves it from the memory means 164 (Step SS). The 
identification table th~s selected and retrieved will be 
hereinafter referred to as "the selected identif ieation ta))le 
:t'DX .. " 

Next, the peak-identifyinq m4a.ns 153 compares the 
peak time of each peak ~ontained in the inputted analytical. 
data Sc with the selected identification table IDX and 
deter.inines which of the retention times in the selected 
identification tabla IDX Jlatches with any of the peak times, 
"thereby identifyin~ the components contained in the saJnpla 
(Step SEi). The nu•s and. other data of tb.e identified 
components are outputted through the p:t-i.nter 17 as results of 
the qualitative analysis (Step S7). 

· Sine• tha ~etention times in the identification ,. 

table are ;iv•n wi"th a width, as explained. above, 
identitieations a~e pcssiole even .if there are some variations 
in the peak time in the analytical data Sc due to variations 

I 

in the conditions of analysis or the prese.~e• of impurities. 
In tha ease cf an exceptionally large variation in a condition 
of analysis, for example, such that unidentifi~le components 
a~e left whieh could not be identified by comp~~inq with the 
selected identification table IOX, a conventional method of 
correctinq the identification tabla, ete. must be used. 
Alternatively, as disc:losed in Japanese Patent Publication. 
Tokkai 7-239326, tha peak times of unidentified com.ponents may 
be displayed on a screen of a display device together with the 
seleeted identif icaticn table Ios such that the user can 
operate a mouse or the like while watching sueh a scz.een 
display to input identif ieation data for identifyinq an 
unidentified component. 

Although the invention has been described above with 
re£erar.ce to only one e~ample, this exa=ple is not intended to 
limit the scope of th.is invention. lwl'.any modifications and 
variations are possible within the scope.of t..~is invention. 
For example, although the iden~ification of specified 
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components in step S3 is carried out only once aceordinq to 
the elDbod.iment described above before one of the 
identification tables is selected aceordinq to the oDtained 
pattern of the specified components, a mcra comp1icated step 
may be taken for selectinq an optimUl'O. identifieation table, as 
shown, for example, in Fiq •. 5 by repeating a similar analysis 
~ith another sat of different components, say, O, E and F. 

Explained more in detail, Steps S11 and 512 in the 
tlov chart of Fi9. 5 are the same respectively as steps Sl and 
S2 of Piq. 4. In Steps S13, Sl4 and SlS, the processes in 
Steps S4, SS aJ1d S6 are carried out ~y specifying co~ponents 
A, Band c and usinq Identification tables Nos. l-8 (ID1-IDS), 
as described above. Therea!ter, steps Sl3, S14 and sis are 
repeated as steps Slo, S17 and Sl8 by speeityinq different 
components D, E and F. The components tl, E and F are selee'Cad 
sueh that the 2i=s c:ombinations of their presences and 
absences will correspond to at least some of the 
Xdantification tab~es Nos 1-a. o, z and F may ba selected, 
tor example, such that the ei;ttt identification tables 
corresponding t.o the aforementioned eight pat.tarns of the.ir 
pre$ences and absences arQ as tollovs: 

(0, E, F)={O,O,O): Identification table No. 2 (J:D2) : 

(0, S, F)•(0,0,1}: Identification table No. 1 (l:Dl.) ; 

(D, E, F>-=co·, 1, o): Identification table No. 4 (ID4) ; 

(D, E, F)=(0,1,l): Identification table No. 3 (I:C3); 

(0, E, F)=(l,0,0): Ng Identification taDle; 
(?)I E, P)=(l,O,l): !dentificaticn table No. 6 (ID6); 

(D, E, F)=(l,l,O): Identi~icatiQn table No. 4 (J;04); 

(:0, E, f)=(l,1,1}: Identification table No. 3 (IDJ) : 

where "No Identification table 11 mea.."'tS that no· corresponding 
identification table is $•t. 

!~ the ~ame idehtification tab1e, s~ch as 

Identifieation table No. 2 (!02} 1 was selected in Step SlS on 
the basis of components A, B and c and in Step sis on the 
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ba$is of compone~ts n, E and F (~ES in step S19), thia 
identificatio~ tabla is selected as rep~eaentinq the result of 
the analysis and this ~esult of analysis is outputted (Step 
S20). If different identification ta~les are selected in 
steps SlS and Sl8 (NO in Step Sl9), on the other hand, it is 
d...med that the identification was not successful or that the 
analysis ended in an error (Step S21}. If (D, E, F)=(l,O,O) 
is selected in the present exampie such that there is no 
eorraspondin9 identification table, it is also considered an 
error .. In the case of such an error, another attempt at 
identification may be made by correcting the conditions for 
the identification of the compQnents. 

In swmaary, sucn modifications and variations that 
a.re apparent to ordinary persons skillad in the art are 
intended to be included within the scope of this invention. 
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* C L M S * 

tlhat is claimed is: 

l. A data processinq unit for identifyinq compone:nts in a 
sample by eomparinq data obtained from a chromatoqram. of a 
ehrOlllatoqrapbically analyzed sample with specified 
identifi~ation tables, said data proeessin9 unit eomprisinq: 

~ory means for storinq identifieation tables with 
·different contents corresponding to presences and absences of 
specified eo~ponents; 

peak-identifying means f Qr identifying pea.ks 
eorresponding to a set of said speciti•d·components in said 
chromatogram and thereby deter.mining presences and absences of 
•aid set cf spe~ified components in said sa111pler 

selectin~ means for selectinq a.specified one of said 
identification tal;)les in said memox:y ~eans according to the 
result of dete:tlninatiQn by said peak-identifying means; and 

oomponent-idan~ifying means for identifyinq components 
corr••pondin9 to each of said peaks in said ehrolD.ato~raro. ~y 
comparing with said selected identification table. 

2. ~he data processing unit of claim l wharein 
concen~rations of said specified components in samples to be 
analyzed by said unit are significantly different. 

3. A method of ehrOlllatographically identifyinq components in 
a sample, said ~ethod comprisinq th~ steps of: 

obtaining a ehrom.atogram of a c:hrO'laatographieally 
analyzed sample; 

stcrinq identification tables with different conten~s 
corr-asponding to presences and absences of specified 
eompon•nts; 

ide:n~ifying peaks corresponding to said spQcified 
c01nponents in said chro~ato~ram and determining for «ach of 
said identitied peaks prese...~ees and absences of a set of said 
speeitied co~ponents; 
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selecting e~e of aaid identitication tal::lles accordinq to 
tha resu1t of said determined presences and a~sences: and 

identifying components eorrespondinq to said each 
identitied peak in said c:h.rom.atoc;ram. by comparinq with said 
selected identif ieation table. 

4. The m.ethod of elai.m. 3 further comprisinq the 'st.e:p of 
selactinq said specified co~ponents such that concentrations 
c~ said specified components in samples to 1'e analyzed by said 
method are significantly different. 

5. The method of elailrt 4 further comprising the step of 
produei.~~ said identification tables correspondinq to said 
se~ected speeitied components. 

6. The methOd of clai~ s wherein eaeh ot said iden~ification 
tables is produced by analyzin9 samples containin9 known 
amounts of said. selected specified cOJD.ponents. 

7. The method o: elaiz 3 further cOlllprisinq the steps o~: 
determininq for said each identified peak presences and 

absences of anoth~r ~et of said .specified cc:nnponents; 
selectin9 another of said identification tal:>les; and 
identifying components correspondinq to said each 

identi~ied peak by eo~parinq with said another selected 
identification'table. 

8. The method of claim 7 further co:mprisin9 the step of 
determining vb.ether th• rM-u.lts of·the two steps of 
identifying components agree or not. 


